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___________________EXECUTIVE SUMMARY

A. BACKGROUND. The cost of producing weapon systems with the current defense
industrial base continues to escalate. In addition, the dJeteriorated condition
of the base has prompted increased concern over its capability to respond to
mobilization requirements. The recognition of these problems led to the
initiation of a DOD Industrial Modernization Incentives Program (IMIP) which
targets industry through incentives to substantially increase its capital
investments with its own financing in modern technology, plant and equipment
for defense work. A requisite for productivity rewards from these incentives
is the ability to accurately measure and track a contractor's productivity gains.

B. STUDY OBJECTIVES. The objective of this study is to develop and test
measurement systems which (1) are designed to complement IMIP by providing a
productivity measurement and tracking system and, (2) may provide a basis for
contract incentives to motivate contractors to improve their productivity
through methods changes, management improvements and other means in addition to

capital investment.

C. STUDY APPROACH. All military services are participating in this DOD study.F
Defense contractors are also involved in system development through a survey of
contractor productivity measurement practices. A thorough investigation of
productivity measurement theory was conducted by an independent contractor.
From an analysis of the theory investigation and survey responses, productivity

*measurement methodologies were identified. The methodologies proposed for
IMIP will be tested, and if warranted, an implementation guide supporting the
IMIP will be prepared.

D. CONCLUSIONS AND RECOMMENDATIONS. This final report describes the results
of a' survey of defense contractor productivity measurement practices and
identifies a number of techniques available to measure productivity and to help
bring about required improvements. Contractors responding to the survey ranked

- productivity fifth in importance as a performance evaluation factor after
profitability, effectiveness, quality, and efficiency. While any of the
techniques identified can be, and should be used by contractors to improve
their productivity, only three should be tested for direct application in IMIP.

It is recommended that the following measurement techniques be tested in a
*defense contractor environment: (1) Multi Factor Productivity . Measurement

Model (MFPMM), (2) the Cost Benefit Analysis/Cost Benefit Tracking (CBA/T)
methodology, and (3) the shared savings techniques. In addition, it is
recommnended that criteria similar to CISCS criteria be established to provide
the basis for determining whether a contractor's productivity measurement
system is acceptable.
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CHAPTER I

INTRODUCTION

A. BACKGROUND/PROBLEM.

As shown in recent APRO studies and other investigations, productivity in

the defense industry can be and needs to-be improved. The cost of producing

weapon systems with the current industrial base continues to escalate. In

addition, the deteriorated condition of the defense industrial base has prompt-

ed increased concern over its capability to respond to mobilization require-

ments. Productivity improvements are required before solutions to these

persistent problems can be realisitically expected.

Many factors have contributed to the declining productivity growth within

the defense industry. The general economic environment in the US has not

provided the environment required for modernization investments. Inflationary

periods permit passing on price increases due to inefficiencies as well as

those due to decreased productivity or increased inflation. High interest

rates and federal tax policies can further inhibit capital investments. Also,

excessive short-run thinking in business decisions has neglected productivity

where investments typically bring mid to long-run paybacks.

Initiative Number 5 of the Acquisition Improvement Program was directed at

encouraging capital investment to enhance productivity. In addition to contract

financing improvements, several productivity actions have emanated from the

spirit of the Acquisition Improvement Program. A newly established Industrial

Productivity Directorate within OSD has the responsibility of providing leader-

ship in the productivity area. They serve as a focal point, facilitator, and

advocate on productivity issues. Also, a DOD Industrial Modernization Incen-

tives Program (IMIP) was initiated which targets industry through incentives



row

to substantially increase its capital investments with its own financing in

modern technology, plant and equipment for defense work. Such investments

will contribute to productivity growth, reductions in the cost of producing

end items, and an improved industrial base.

A requisite for productivity rewards is the ability to accurately measure

and track a contractor's productivity gains. At present, contractor efficiency

and productivity cannot be readily measured and related to a contract. A

practical method of measuring productivity and effecting rewards must be

developed to stimulate improved productivity. Development of a methodology for

productivity measurement is of importance if certain types of incentives are to

be employed. This effort will support the IMIP.

B. STUDY SCOPE.

This study is looking at ways of measuring contractor productivity and

relationships between possible measurement techniques and associated potential

productivity incentives. Alternatives for measuring productivity, the type of

productivity data needed, the type of data currently available, and the degree

to which the data would be verifiable and suitable as a basis for appropriate

contract incentives are being explored. The study will also look at proposed

incentives from the standpoint of productivity related information needed to

support the incentives.

C. STUDY OBJECTIVE.

The development of a productivity measurement methodology constitutes a

major effort addressing such issues as specific definitions of contractor

productivity and its measurement. The objective of this study is to develop

and test measurement systems which (1) are designed to complement IMIP by

providing a productivity measurement and tracking system and, (2) may provide

2
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a basis for contract incentives to motivate contractors to improve their

productivity through methods changes, management improvements and other means

in addition to capital investment. Specific subobjectives proposed to accom-

plish this are:

1. Develop specific definitions of contractor productivity appropriate for

the products concerned and the contracts involved.

2. Design measurement techniques that allow for establishing a baseline,

tracking performance, and showing auditable results.

3. Relate these measurement techniques to incentives and reward mechanisms.

4. Synthesize the definitions, measurement techniques and reward mechan-

isms.

5. Test the proposed methodology on representative contracts and contrac-

tors to determine the suitability for DOD implementation.

6. Based upon the test results, recommend DOD policy and procedure coverage,

as appropriate.

D. STUDY APPROACH.

A study that addresses defense contractor productivity measurement is a

aiigh-risk effort in terms of probability of success, but it has tremendous

potential benefits to be shared by all. To reduce the risks and improve the

probability of success, top-level management within DOD and each of the military

services has supported this effort. To improve ' chances for system acceptance

and to establish credibility throughout the lefense community, DOD and the

defense contractors have been involved in system development.

The study team for this DOD effort supporting IMIP included representatives

from the following organizations: Defense Systems Management College (DSMC),

Army Procurement Research Office (APRO), Naval Office for Acquisition Research

3



(NOAR) and Air Force Business Re,.earch Mangement Center (AFBRMC). The repre-

sentatives shared the responsibility for completing the following actions to

meet the study objectives:

1. Review pertinent literature and current policy relating to productivity.

2. Design a contractor survey and distribute it to defense contractors

through an industry association.

3. Analyze literature and survey responses.

4. Contact Government personnel in those functional areas impacting

productivity measurement for insights into relationships.

5. Visit selected contractors responding to the survey for detailed follow-

up discussions.

6. Synthesize proposed productivity measurement methodology based upon

analyses and findings.

7. Design test plan.

8. Conduct test.

9. If warranted, develop implementation guide.

Not all of the above actions have been completed. This final report

describes the results of investigations into productivity theory and practices,

a taxonomy for productivity measurement techniques, measurement techniques and

their applications, implications for IMIP and draws conclusions and recommenda-

tions. A test of measurement techniques is being considered as a follow-on to

this effort. A separate report will be published to record the results of any

such activity.

I4



CHAPTER II

PRODUCTIVITY MEASUREMENT THEORY

A. INTRODUCTION.

Productivity measurement theory serves as the foundation for the development

of techniques and methodologies for application within DOD. The theory provides

the necessary definitions and organization that allow commiunication and under-

standing of the concepts involved and their interrelationships. Therefore an

early investigation of current theory was in order.

Productivity is first defined in this chapter and then placed in a con-

struct that relates it to other performance factors such as effectiveness and

profitability which are also of concern to defense contractors and DOD mana-

gers.

Most of the information in this cha.pter was extracted from a report pre-

pared under contract for this project by Dr. Scott Sink, Oklahoma Productivity

Center, and Dr. Thomas Tuttle, Maryland Center for Productivity and Quality of

Working Life. Their report provides considerably more detail and discussion

than that presented here and should be referred to if more detail is needed

(Sink and Tuttle, 1983).

B. DEFINITIONS.

Productivity takes on many different meanings to different people. To

establish a commnon understanding of the concept of productivity and its

relationship to other performance measures, definitions are necessary.

In general, there are at least seven distinct although not necessarily

mutudlly exclusive measures of organizational systems performance. The are:

(1) effectiveness, (2) efficiency, (3) quality, (4) productivity, (5)

5
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quality of work life, (6) innovation, and (7) profitability. These seven

performance measures or criteria are defined below.

1. Effectiveness = Accomplishment of Purpose (Barnard 1938).
Accomplishing the "right" things: (1) on time,
(i.e., Timeliness); (2) right, 'i.e., Quality);
(3) all the "right" things, (i.e., Quantity)
where "things" are goals, objectives, activi-
ties, etc.

2. Effici*ency = (a) Satisfying individual motives, (Bar-
nard, 1938), success at securing necessary
personal contributions.
(b) Resources Expected to be Consumed

Resources Actually Consumed

3. Quality = Conformance to specifications, (Crosby,
fitness for use.)
where "specifications" can be identified as:
timeliness, various quality attributes, cus-
tomer satisfaction, etc.

4. Productivity = Quantities of Output from an Organizational
System for some period of time

Quantities of Input Resources Consumed by that
Organizational System for that same period of
time

or
Quality quantity

Resources Actually Consumed

Hence, productivity is, by definition, a ratio and is a measure of

effectiveness in the numerator divided by the denominator of the efficiency

equation. Quite often productivity statistics for the nation are presented in

terms of rates of change. These statistics are actually productivity indexes.

A productivity index is a particular productivity ratio for one period of time

divided by that same productivity ratio for an earlier period of time. For

example:

Quality Quantity 1982
Productivity Index = Resources Actually Consumed 1982

Quality Quantity 1981Resources Actually Consumed 1981

or, rate of change of GNP to labor input, etc.

6
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5. Quality of Work Life = Human being's affective response to working
in and living in organizational systems. Those
attributes of organizational systems that
"cause" positive affective responses. Often
the focus is on ensuring the employees are
"satisfied," safe, secure, etc.

6. Innovation The creative process of adaption of product,
service, process, structure, etc., in response
to internal as well as external pressures,
demands, changes, needs, etc. The process
of maintaining fitness for use from the cus-
tomer's eyes.

7. Profitability A measure or set of measures of the relation-
ship between financial resources and uses for
those financial resources. For example,
Revenues/Costs, Return on Assets, and Return
on Investments

Figure 2.1 compares this conceptualization with two others: (a) Drucker

(1953) and (b) Peters and Waterman (1982).

DRUCKER PETERS & WATERMAN

Stick to knitting

Customer Satisfaction Effectiveness Bias for action

Social Responsibility Close to customer

Employee Performance Efficiency Hands-on, value
driven

Management Performance Quality .Simple form, lean
Sstaff

Internal Productivity Product ivi ty Productivity through
peopleL

Employee Attitude

Management Development Quality of Work Life

Operating Budget Profitability

Innovation Innovation Autonomy P

entrepreneurship

FIGURE 2.1 ORGANIZATIONAL SYSTEMS PERFORMANCE CRITERIA
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Productivity is only one measure of performance for a given system. It is

not clear if it is necessarily the most important or even necessarily a critical

measure of performance for all systems. The problem in designing a control

system is a multi-attribute or multi-criteria one.

In one respect, one important job of a manager is to determine: (1) what

the appropriate priorities or relative weights are for each performance measure;

(2) how to measure, operationally, each performance measure; and (3) how to

link the measurement system to improvement (in other words, how to most

effectively use the control system to cause appropriate changes or improve-

ments). It is reasonably clear that the priorities or weightings for each of

these performance criteria will vary according to several factors: (1) size

of the system, (2) function or objectives of the system, (3) type of system

(technology employed) - i.e., job shop, assembly line, service, process,

etc., (4) maturity of the system in terms of management, employees, technology,

organizational structure and processes, and (5) the environment (political,

rconomic, and social) characteristics.

C. PRODUCTIVITY MANAGEMENT.

Productivity is a relationship (usually a ratio or an index) of output

(goods and/or services) produced by a given organizational system and quantities

of inputs (resources) utilized by that same organizational system to produce

that same output. As can be seen, it is a very simple concept. One can take what

a given organizational system produces or creates, quantify it, and put it in

the numerator of an equation. Then the specific resources (labor, capital,

materials, and/or energy) utilized to create those outputs are put in the

denominator of the equation. The results is an operational measure of the

concept productivity. It seems so simple and easy, and often it is. For

8



instance, if an organizational system has clearly measurable outputs and

identifiable and measurable inputs that can be matched temporarily to the

production of outputs (i.e., reasonably short cycle times) productivity measure-

ment is quite routine. There are models and programs available that will even

extrapolate the ratios.

However, if, as is often the case, outputs are somewhat hard to measure,

input resource utilization is hard to match up with outputs for a given period

of time, input and output quality is inconsistent, input and output mix or type

is constantly changing, data is either difficult to obtain or is not even

available, etc., etc..,then productivity measurement can become difficult and

frustrating. These factors contributing to making productivity measurement

difficult do not consider the appropriateness of productivity as a criteria

for organizational systems performance. Nor does it consider the specific

relative weighting or importance to be given to productivity as a performance

criteria. Assuming productivity were viewed as being important, the point to

be made is that in some cases the process of productivity measurement is

relatively easy and techniques are established while in many other cases the

process can be relatively difficult and techniques are not well established.

As a mechanism for simplifying and making the presentation of productivity

basics more efficient, Figure 2.2 has been developed. This illustration depicts

the basic productivity management process. It incorporates definitions and

concepts presented to this point. Starting at the top of the figure, the

planning decision process is denoted by the diamond shaped symbol. Directly

beneath is a basic systems flow model for an organizational system. Input

variables flow into the system, are transformed into new states represented by

7-7
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goods and/or services which are outputs, and these outputs are then delivered

to "customers". The input variables are procured by some "procurement func-

tion" and as such carry with them quality, quantity, and financial attributes.

That is, the input variables or resources come into the organizational system

with specific "price tags", with certain quality characteristics, and in

specific volumes or quantities. The transformation process(es) can be treated4

as a "black box," keeping in mind that particularly for productivity improve-

ment there is a need to make the "black box" a "glass box". That i s, one

needs to understand and analyze specific transformations in order to improve

producti vity.

Output variables, or transformed input variables, also carry with them

quality, quantity, and financial attributes. That is, the output(s) (goods

and/or services), have associated levels of quality, have "price tags", and

come out in specific volumes and quantities. Outcome variables reflect the

results achieved after the output has been successfully distributed to "custo-

mers" (i.e., sales, profits, customer satisfaction, etc.). It is particularly

important not to confuse outcomes with outputs. Persons in the organizational

system have control over the attributes of the output, however, they often

lack control over outcomes. Definitions must be kept clearly in focus.

This input-transformation process output-outcome model can, of course, be L

made to conceptually represent any size, type, or kind of organizational system.

For instance, it can represent a plant, typing pool, office, department, or

any other organizational system depending upon how the boundaries of the

system are defined and hence the "unit of analysis". As has been mentioned,

organizational system performance measurement can be operationalized utilizing

some combination of the seven performance criteria. In particular, the focus



of this chapter is on the role productivity plays in overall performance. As

can be seen on Figure 2.2 the productivity measurement process branches down

in the lower third of that figure.

0. PRODUCTIVITY MEASURES.

Conceptually, at least, there are four basic types of productivity measures.

Static productivity ratios and dynamic productivity indexes are the major cate-

gories of productivity measures. Per the delimited definition, productivity

is basically a ratio of output measures to input measures. If all the output

and all the input from given organizational systems gets into the equation

then we have a total factor, static productivity ratio. If some or all of

the output and only some of the input gets into the equations then we have a

partial factor, static productivity ratio. These ratios are called static i
because they are like a snapshot. For instance, a snapshot is taken of what

happened in July 1983 for a given plant and the ratio(s) are constructed from

that snapshot.

The other basic measure of productivity is what is called a "dynamic

productivity index."t Again, if all of the outputs and all of the inputs from a

given organizational system get into the equation and then static productivity

ratios are compared from one period (say a base period) to current productivity

ratios, this yields a total factor, dynamic productivity index. If however, and

for whatever reason, all or only some of the outputs and only some of the inputs

are captured in the two ratios, this yields a partial factor, dynamic producti-

vity index. For example,

Inuts5i1983
Dynamic Productivity Index

12
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Referring to Figure 2.2 once again, after the productivity measurement

process is completed, data can be collected and management can begin to get a

feel for the range and variability of the numbers. Standards can be established

using norms (industry or internal), engineered methods, historical data, etc.

The productivity improvement process in its simplest form is one of evalua-

tion of productivity data and planning managed interventions on the organiza-

tional system that are expected (cause and effect beliefs) to improve pro-

ductivity and eventually other performance measures. In most cases, today's

managers are simply evaluating performance data, not necessarily productivity

data. Many managers confuse and muddy the waters in respect to productivity

because they do not delineate carefully differences between productivity

definitions, performance concepts, productivity measurement, performance mea-

surement, productivity improvement, performance improvements, etc.

Productivity, as mentioned, is strictly a relationship between resources

that come into an organizational system over a given period of time and outputs

generated with those resources over the same period in time. It is most simply

Output/Input. As discussed, productivity implicitly is therefore a relationship

between the effectiveness of a system during a given period of time (i.e.,

accomplishment of the "right" things) and resources consumed to accomplish

those "right" things. It does not tell everything wanted or needed regarding

the overall performance of a given organizational system. It gives only part

of the picture, albeit an important piece of the picture.

Productivity measurement and evaluation is the process by which we opera-

tionalize this definition of productivity. Measures (ratios and/or indexes)

of output to input for given organizational systems are created. Those mea-

sures, if developed correctly and if tracked over time so as to establish

13



standards or expectations, can provide useful management with which to develop

plans for effective and efficient productivity control and improvement.

"Without productivity objectives, a business does not have direction.

Without productivity measurement, it does not have control."

-Peter Drucker

14
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CHAPTER III

CONTRACTOR PRODUCTIVITY MEASUREMENT PRACTICES

A. INTRODUCTION.

A requisite for productivity rewards is the ability to accurately measure

and track a contractor's productivity gains. To be useful to the IMIP, a

measurement methodology must not only be based on sound theory but also be

implementable. Therefore, an examination of productivity measurement practices

is a necessary complement to an investigation of productivity measurement

theory.

Since Defense contractors have always measured their-productivity, directly

or indirectly, they are an important source of information for this study.

Their experiences are useful in understanding both what is currently being

practiced and what has been tried with varying success. Expanding on an earlier

survey of major corporations (Sumanth and Erinspruch, 1980) which showed a

dominance of partial productivity measures at all organizational levels, a writ-

ten survey was used to contact a large sample of defense contractors. The

survey not only helped identify current performance measurement practices but

also allowed defense contractors an opportunity to participate in an effort

that could eventually affect them. Contractor participation was considered

important to a successful implementation of any proposed methodologies. The

National Security Industrial Association (NSIA) was solicited and agreed to

participate in a survey of some of its member companies.

B. SURVEY DESCRIPTION.

The primary purpose of the survey was to obtain information about producti-

vity measurement methodologies currently employed by defense contractors. It

15



also opened doors for follow-up discussions by asking for points-of -contact.

The survey was not intended to provide an elaborate description or classifi-

cation of current practices. A copy of the survey and NSIA cover letter

is provided in the Appendix.

The survey was sent to 92 different contractor locations. Table 3.1 lists

the 21 respondents to the survey.

1. Remington Arms - Bridgeport, CT
2. AVCO - Bridgeport, CT
3. Sperry - Waterbury, CT
4. United Technologies - Hartford, CT
5. EG&G Sealog - Warwick, RI
6. Hazeltine - Greenlawn, NY
7. Westinghouse - Columbia, MD
8. Western Electric - Burlington, NC
9. Martin Orlando - Orlando, FL

10. Sparton Corp - Deleon Springs, FL
11. Harris Corp. - Melbourne, FL
12. Northrop Corp. - Los Angeles, CA
13. Rockwell Int'l - Can'oga Park, CA
14. McDonald-Douglas - Huntington Beach, CA
15. Ford Aerospace - Newport Beach, CA
16. Ball Aerospace - Boulder, CO
17. Ingalls Shipboilding - Pascagoula, MS
18. Magnavox - Ft. Wayne, IN
19. Goodyear Aerospace - Akron, OH
20. Honeywell - Edina, MN
21. Anonymous

TABLE 3.1. CONTRACTORS RESPONDING TO SURVEY

Follow-up discussions were then held with 14 of those that responded. The

number. responding was less than desired but adequate to gain an understanding

of current practices. The relatively low response rate can be attributed to a

general reluctance to participate in any survey and, perhaps, inattention to

productivity measurement concepts per se in the defense community prior to the

IMIP. This inattention to productivity measurement cannot be confined solely

to the defense community when one considers the following quotation of Dr.

16



Scott Sink who conducts a short course on the productivity. "I am convinced as I
a result of my interaction with over 500 managers in the last three years that

productivity, strictly defined, is absent from at least 95% of the control

systems in American organizations. "(Sink and Tuttle, 1983) Even for those

contractors responding, productivity factors were ranked low (usually fifth)

relative to other measures of organizational performance asked for in the

survey (see Figure 3.1).

C. SURVEY RESPONSES.

1. General Information. All commodity markets were represented by the

responding contractors with electronics and communications equipment being the

dominant market. The contractors involvement as prime, subcontractor or both

was roughly balanced among those three choices. The dollar value of their

defense contracts during their latest accounting year ranged from $.6m4 to $4.3B3

and averaged roughly $500.14. The contractors worked predominantly for the

Navy, but all services were represented by the respondents.

2. Performance Evaluation. Question B.1 (shown below) of the survey asked

contractors to rank their measures of organizational performance.

B. PERFORMANCE EVALUATION (at profit center level or above):

1. Which of the following factors do you use to measure
organizational performance within your company? (Indicate
order of relative importance to your company, e.g., 1, 2,
3. ..)

-- (a) Effectiveness (i.e., accomplishing the right
goals or objectives considering timeliness,
quantity, and quality)

___(b) Efficiency (i.e., ratio of resources expected
to be consumed on goal achievement to re-
sources actually consumed)

17
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(c) Quality (i.e., cofraio to specifications)

to css

()Productivity (iertoof outputtoip )

(f) Quality of Working Life (i.e., personnel re-
sponse to living and working in organization)

(g) Innovation (i.e., introducing new ideas, pro-
cesses, or products)

(h) Other - (Please specify) _________

Figure 3.1 shows the contractor rankings of these performance evaluation fac-

tors. Profitablility was consistently ranked most important by the respondents.

Effectiveness and quality were ranked next, respectively, in importance. Pro-

ductivity, when used, was usually ranked fifth.

CONTRACTOR
PERFORMANCE
FACTOR -A 8 C D E F G H I J K L M4 N 0 P Q R S

a. Effectiveness 2 31 1 33 4 12 7 13 2 42 21 2

b. Efficiency 3 2 2 5 34 45 55 73 32 1

c. Quality 4 2 2 2 2 3 3 4 2 3 6 4 2 4 4 2 3 3

d. Profitability 1 1 4 2 1 1 1 2 1 1 2 1 1 1 1 1 5 1 4

e. Productivity 5 5 2 5 645 3 573 3 35 6

f. QOWL 6 6 2 6 5 6 4 6 7 5 7 7 6

g. Innovation 3 57 2 4 2 5 2 7 66 64 5

h. Other 4 1 4 8

*FIGURE 3.1. CONTRACTOR RANKINGS OF PERFORMANCE EVALUATION FACTORS

(Note: The contractor order here has no relationship
to the Table 3.1 list.)

18-
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I
The only problems identified by the respondents using the above performance

factors were:

a. performance measures did not connect with productivity

h. short term was wrong emphasis

c. comparisons between time periods can be influenced by extraneous

factors foreign to what is being measured.

3. Productivity Measurement. The productivity measures used by defense

contractors varied according to the organizational level being measured. For

example, a value added type of index such as value added/employee was frequently

used at the firm level. Efficiency measures such es the ratio of standard time/

actual time were also used by some to judge productivity at the firm level.

Other firm level indicators used included value aded/capital, sales/assets,

profi t/empl oyees, and direct employees/indirect e'ployees.

Although the efficiency ratio of standard time/actual time was used on

occasion to judge firm or factor productivity, it was riore frequently used at

the department or shop level. Generally at this l-vel performance ratios such

as inspectors/production workers or units schedulecl/units produced were used to

measure productivity. Physical units of production were also compared to

various labor and capital inputs at this level for t rue productivity measurement.

These include, for example, purchase orders/and engineering chanqe orders/

engineer.

Subordinate activites or work centers frequerstly compared some specific

output to labor input. Examples at this level *.nclude cables/labor hour or

printed circuit boards produced/labor hour. .ompiarison of standard hours to

actual hours for work performed was also popul, ii at' the work center level.
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Data sources for productivity measures also varied widely depending on

the specific indices used. Accounting, personnel, production and labor hour

data were used as appropriate. Adjustments for inflation and learning curve

effects were often made to productivity information, but discounting and qual-

ity changes were usually not incorporated.

Validation efforts ranged from virtually no effort to implementing changes

in production standards. Usually validation was minimal since inter,.. review

mechanisms were not as rigid or strict as would be required for an external

audit.

Those with experience in productivity measurement encountered problems of

varying degrees in attempting its measurement. Some of the problems reported

include:

a. difficulty in it;o',ating cause of improvement above plant level be-

cause of many variables

b. qualitative factors influencing productivity difficult to measure

c. difficulty in aggregating data for government accounting on a job-

by-job basis while proriucti vity measures require an overall accounting

d. difficulty in q iantifying output because of large number and com-

plexity of projects

e. present methods not applicable to white collar area which is 75%

of work force

f. difficult), in moasuring productivity impacts in other organizational

areas

g. timelinesfs, accuracy, insufficient detail and difficulty in analyz-

Ing the data
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h. costly to apply, requires computer support, has limited

coverage (production operations only)

i. many measurements deal with symptoms, not causes

4. General Comments. Question D.1 of the survey asked:

If the Government were to offer your company a
productivity incentive-in a new contract, how wouldI you prefer to have your productivity improvements
measured?

Responses included the following:

a. value added/employee

b. cost savings

c. no change in present method being used by company

d. cost reduction relative to a baseline, adjusted for inflation

e. track measurable changes in safety, quality and productivity output

in finished good per man-hour of input

f. simple comparison of target cost to actual cost

g. unit production labor hours

h. simple profit rate increases

i. compare new systems to existing systems

j. estimate savings prior to change then increase profit accordingly

k. traditional measures of cost, schedule and performance

1. quality measurement should be used

m. in terms of total factory cost by product.

These responses indicate a desire to keep productivity measurement simple and

to base the award on the cost difference between a baseline and achieved cost,

adjusted for inflation.
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D. SURVEY AND DISCUSSION FINDINGS.

1. Production Cost Visibility.

Production cost visibility and related productivity measurement varied

widely among those contractors visited. Most contractors relied primarily upon

general profitability information gathered from balance sheets and profit or

loss statements of financial accounting; or cost element data from standard

cost accounting systems governed by Generally Accepted Accounting Principles

(GAAP) or Uniform Cost Accounting Standards (CAS) as detailed in Federal

Acquisition Regulation (FAR) Part 30 and DOD FAR Supplement, Appendix 0.

Others had sophisticated management information systems (MIS) to capture

costs and productivity information in detail at work centers throughout their

plants. This allowed tracking a large number and variety of productivity

related indices in functional areas in addition to production such as engineer-

ing, procurement, and accounting.

2. Direct Costs.

All contractors visited could provide direct labor and material costs

through work center tracking. Indirect costs were also available, and overhead

rates were calculated and applied to direct costs to get their total cost

figures. Unfortunately, direct costs constitute a small and decreasing percen-

tage of total cost, and therefore are becoming less useful as the sole basis for

productivity measurement. Indirect costs are substantial and must also be

addressed in productivity measurement. For example, direct labor typically

amounted to less than 10% of the total cost and is decreasing regularly with

the advent of automation and robotics. Table 3.2, extracted from the Air

Force PACER PRICE program, shows average direct labor rates for spare parts

production varying from 8% to 17% depending upon the capital/labor mix.
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It also shows the tremendous increase in manufacturing overhead and other

indirect rates as the capital/labor mix increases from low to high.

3. Productivity and Other Indices.

Productivity information is readily available to all contractors, but

some are just beginning to track specific productivity indices. Value added

per employee was frequently used as an overall indicator of plant or company

productivity; however, no single index is adequate for all contractor purposes.

The value added per employee index is useful for contractor purposes in

comparisons among plants or companies within an industry.

There was no evidence of a total factor productivity measurement system

implemented by the survey respondents, although some were attempting to imple-

ment one. Multiple indices were often used; howeve,-, they were not integrated

as required in a total factor approach. Frequently, other productivity re-

lated indices were used for particular purposes in different departments

such as rework hours/direct labor hours, cost of quality/cost of sales,

and indirect employees/direct employees. These ratios are not productivity

indices per se (using the standard output/input definition) but were useful in

measuring and analyzing performance.

4. Tracking Impacts.

Defense contractors know the costs of operating current capital equip-

ment, and they can give a reasonable cost estimate for an investment in new

capital equipment. The impact of this new equipment on direct labor and mater-

ials is also usually apparent. However, tracking the impact of an investment

for productivity improvement in the indirect area gets obscured, and these

costs usually increase with a decrease in direct costs. For example, program-

ming support costs for a new numerical control milling machine may get buried
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in the ADP department, or maintenance increases for new robots may get lost

since its impact appears negligible. Also, a new automated MIS acquired speci-

fically to provide a degree of cost control not previously possible may also

be used for inventory control, financial accounting, and personnel management.

Proper allocation among functions is difficult but may be necessary for DOD

productivity measurement purposes.

The multiple product, plant and customer environment found at most

contractors visited further inhibits accurate cost tracking for productivity

measurement. A single plant, single product environment provided relatively

easy assessment of productivity improvements for DOD purposes.

5. Follow-up Verifications.

Partly because of the difficulty in tracking the impact of investments

in productivity enhancing equipment, the follow-up verification of productivity

gains were not rigorous. Although some companies did review an investment

at a later date (e.g., one year), the evidence of savings was frequently soft

and judgmental. Improvements were accepted intuitively because it was obvious

that more goods were produced faster and cheaper at the work center level.

Neither the direct nor indirect impact on other areas within the company were

readily identifiable or quantifiable.

6. Investment Purposes.

It appeared that investments were mostly for competitive and technologi-

cal reasons rather than simply for cost reduction. Contractors tended to

plan ahead for further contracts, products and capacity and make investments

accordingly to improve their long term situation. Contractors also replaced

older equipment that could not keep tolerances or required quality levels.

Immiediate cost improvement was secondary. Sometimes both immediate and long

25



term benefits were realized in an investment, but the long term payoff was

primary.
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CHAPTER IV

TAXONOMY FOR PRODUCTIVITY MEASUREMENT TECHNIQUES

A. INTRODUCTION.

One objective of this project was to provide a taxonomy with which to

categorize the productivity measurement techniques identified during the re-

search. This chapter describes the development process and the resulting

taxonomy. The taxonomy is functional in addition to descriptive in that it

assists a manager in selecting the appropriate measurement technique based.on

requirements. The available measurement techniques are presented in Chapter V

using this taxonomy.

As in Chapter I, the material in this chapter is extracted from the report

prepared under contract for this project by Sink and Tuttle (1983). Their

report should be referred to if more detail is desired.

B. TAXONOMY DEVELOPMENT.

Two assumptions made by the researchers steered the taxonomy development

process. One assumption was to adopt a narrow definition of productivity as

described in Chapter II. Therefore, adopting this narrow definition of

productivity rules out consideration of other performance dimensions such as

efficiency, effectiveness, or quality from the taxonomy. Thus, the taxonomy

development centered on productivity measurement, not performance measurement.

Developing a taxonomy of performance measurement was far beyond the scope of

this activity. Other writers have developed taxonomies in these areas. Tuttle

(1981) describes an approach to classifying productivity measures which adopts

a broader definition of productivity. Taxonomies of organizational effective-

ness measures have been proposed by Price (1968); Campbell, Bownas, Peterson &

Dunnette (1974) and Mahoney & Frost (1974). A classification of quality

27
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measurement strategies has been proposed by Adam, Hershauer and Ruch (1978). r
A second assumption which guided the taxonomy development process was the

taxonomy should have functional value rather than simply descriptive value.

The researcher concluded that the taxonomy of productivity measurement theories

and techniques should have functional utility for a manager who wanted to select

a productivity measurement method or technique. Therefore, if the manager

could define certain parameters, the taxonomy should point to one or more

techniques which correspond to the parameters (e.g., organizational level,

etc.). A descriptive taxonomy on the other hand would not necessarily be as

concerned with utility. It would give more concern to accuracy and precision

of classification. In the domain of productivity measurement, which is poorly

defined, such a descriptive taxonomy would most likely be more complex, and

have more dimensions than would a functional taxonomy which would lean toward

greater simplicity and ease of use.

Given these two assumptions, the researcher considered a wide range of

possible dimensions which could be used to classify productivity measurement

techniques. The most seriously considered dimensions are described below.

1. Unit of analysis. This dimension refers to the level of the target

system being measured. The dimension ranges from the micro-individual producti-

vity to macro-national or even world productivity.

2. Scope of measurement. Productivity measurement as operationalized is

not a continuous variable. It consists of discrete "snapshots" of productivity

at certain time intervals. This dimension simply refers to the length of time

between these intervals. It may range from seconds to years.

3. Functional Discipline. There is a close relationship between measure-

ment methods and the academic discipline which developed or which uses the

28
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approach. This is a nominal variable and might have "values" such as econo-[

mist, manager, accountant, industrial psychologist, or industrial engineer.

4. Type of technology. Some writers argue that the criteria that are

appropriate for measuring organizational performance vary as a function of the

type of technology employed by the organizational system. Various classifica-

tions have been suggested for the technology dimension, however, in general,

this dimension ranges from a manufacturing technology (inputs and outputs are

invariant) to a service technology where input and output variability are high.

5. Degree of measurability. Measurability refers to the extent to which

inputs and outputs in the target organizational system lend themselves to

quantification. Systems which transform physical inputs to physical units of

output (e.g., machine shop) would be high on this dimension. Systems which

transform inputs that are largely intangible to intangible outputs (e.g., law

firm or mental health clinic) would be low in this dimension.

Following an analysis of each of these dimensions in light of the assumptions

stated earlier, the researchers selected two dimensions to form the taxonomy.

These are unit of analysis and scope of measurement. Functional discipline was

ruled out because it added relatively little new information to the unit of

analysis dimension. Figure 4.1 depicts this relationship. While there is a

range of measurement techniques associated with each functional discipline, the

central tendency of these distributions leads to a ranking similar to organiza-

tional level. Industrial engineering traditionally has been associated with

measurement techniques at the individual and small group level as have indus-

trial psychologists. Economists, on the other hand, have tended to focus on

more macro measurement techniques useful at the firm, industry or national

economy levels.
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10 Worl d

9 Nation o Econometric Modellirn V
8 Industry o Input/Output Analysis

S7 Firm o Partial Factor Approaches
Z (Multi-Factor Producti-

6 Division vity Measurement Model)

5 Plant

4 Function

3 Department o Normative Productivity
Measurement Methodology

2 Work Group

1 Individual o Work Measurement

Min Hr. Day Week Mo. Qtr. Semi. Yr.
1 2 3 4 5 6 7 8

SCOPE OF MEASUREMENT

FIGURE 4.1 TAXONOMY DESIGN

Type of technology was not selected as a primary variable for the taxonomy

in order to keep the taxonomy simple. If a third dimension were added, type of

technology would be the most likely candidate. For present purposes, type of

technology will be considered a moderator variable.

The final dimension seriously considered was degree of measurability. This

dimension closely resembles the type of technology dimension. In general ,[
systems in which inputs and outputs show low variability, have high measureab-

ility. Where the technology is such that variable inputs are converted into

outputs which also show high variability, measurement is more difficult and

costly. Thus, at this end of the technology dimension, measurability would be

low.
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C. TAXONOMY DESCRIPTION.

The dimensionis selecteq lead to a two dimensiunal taxonomy depicted in

Figure 4.2 Shaded in cells indicate combinations of the two dimensions which

are theoretically DOS;ible but operationally make little sense. As a functional

taxonomy, it is possible to indicate the appropriate cell or cells in which

particular measurement techniques fall. It will then be possible for a manager

to select a technique or techniques which meet his/her specifications regarding

unit of analysis and scope of measurement. For example, if a manager desires a

measurement technique which is appropriate for the plant level and which covers

a monthly time period, then the cell indicated in Figure 4.2 would contain the

appropriate techniques.

8 Industry ______ ' __. _

7 Firm___

UNIT 6 Division____________
OF

ANALYSIS 5 Plant ___ _________

4 Function_ __ _

3 Department ... . _. . ..__

2 Work Group '__

1 Individual ____ _. . I

Min Hrs. Day Week Mos. Qtr Semi. Yr.
1 2 3 4 5 6 7 8

MEASUREMENT SCOPE

r A Cell is not applicable

FIGURE 4.2. TAXONOMY OF PRODUCTIVITY THEORIES & TECHNIQUES
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This is quite straight forward. However, the selection of a measurement

technique is more complex. Using the taxonomy will put the manager in the

"ballpark," however some additional "fine tuning" is necessary in order to

settle on a particular approach. The "fine tuning" takes place by considering

a range of moderator variables. Each of the moderator variables represent

considerations which will alter the content or form of the productivity measure

depending on the circumstances.

D. MODERATOR VARIABLES.

A wide range of moderator variables were considered, although the research-

ers believe that those listed below are the most significant. Each moderator

variable is defined and the nature of its impact on the measurement technique

is briefly noted.

1. Output variability. The extent to which the physical characteristics

of the system outputs change over time. If the number of outputs or the type

of outputs changes dramatically during a given time period, then the scope of

measurement must be increased until a stable time period is identified. For

example, suppose there is wide variability from month to month but, on the

average, the same products are made every year. In this ra-,l the scope o'

measurement should be annual. When no time period can he f-)ur. - wt,-t the

output mix is stable, physical units must be converteJ t a,.'er unit of

measurement, often dollars, to facilitate aggregation an ai y s•

2. Process cycle time. How long does it take for one un' , J,,*'uz to be

produced. For airplane manufacturing, the cycle time may be months, t)r printed

circuit boards, the time may be seconds or minutes. This moderating variable

will affect the choice of the scope of measurement. Generally the slower the

cycle time the larger the scope. In addition, for a long cycle time (e.g.,
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months) if one desires 3 measure with a short scope (e.g., hours) then one

must move to a low unit of aiwlysis (e.g., individual or work group).

3. Resource as a Percent of costs. In selecting a productivity measure-

ment methodology, feasibility and cost are major concerns. Generally the

importance of measurement increases as the resource increases as a percentage

of total costs. In a manufacturing process where energy inputs represent 0.1%

of total dollar costs, it is not desirable to spend much money tracking energy

inputs. However, if energy inputs account for 25% of total costs, the importance

of measuring energy inputs increases dramatically.

4. Intended purpose and user of the measure. The selection of a measurement

method is in large part a function of what the measure is supposed to do and

who will use it. For example, if a measurement technique is to be used in the

validation of IMIP savings its audience ultimately is DOD auditors. To satisfy

this audience, measures must relate to costs and be stated in dollars, and

apply to the function or plant unit of analysis. On the other hand, measures

intended to help management improve the productivity of its operations would

best be stated in physical unit terms and apply to lower levels of the

organization.

5. Controlability of inputs. The extent to which management can "manage"

or control input levels affects what is measured. In general, one should focus

limited measurement resources on those inputs which can be controlled.

6. Control system maturity. The extent to which measurement and control

systems are part of the organizational culture. The major impact of this

moderator variable comes in the pace and difficulty of implementing measurement

systems. Where measurement systems have not been widely applied, their use

should be accompanied by an extensive training process to enable those being
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measured to understand the purpose, use and operation of the measurement system.

Ideally, these individuals will also participate in its development.

7. Management style. Management styles are typically characterized as

autocratic, democratic, or laissez-faire. However, it is rarely possible to

classify a management style quite so simplistically. The same manager may be

autocratic in certain situations and democratic in other situations. Neverthe-

less these tend to be dominant styles in most organizational settings. Measure-

ment techniques are most effective when they augment and complement the exist-

ing management style. For example, an authoritarian, top-down, organization

should think very carefully before implementing a "bottoms-up" measurement

approach. If the organization is willing to modify its management style, then

introduction of a bottoms-up participative measurement program may be a good

way to start. But this decision should be made explicitly, not implicitly

through the choice of a measurement method that unknowingly conflicts with the

existing management style.

8. Commitment to measurement. The extent to which the organization sees

productivity measurement as a critical part of its effort to remain competitive

and survive as an organization. If commitment is high, then any method can be

made to work. If this is low, few approaches will work and investment in

measurement is probably wasted effort.

9. Decentralization/centralization issue (control). The extent to which

measurement is a centralized function requiring each operating unit to report

to "headquarters" versus a decentralized function where managers create data

exclusively for their own use. This variable affects the acceptance of the

measurement system and the incentive to "game" the system. Any measurement

system can be "gamed." In general, acceptance is greater by managers if the
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system is decentralized. However, this is complex and also depends on past

history and management style. If centralized reporting has been used in the

past to "embarass" or to "beat up" on low producers it will usually meet with

resistance. However, if centralized reporting is used as a guideline, if gentle

pressure is applied, and if the data is interpreted and used by higher head-

quarters with judgment, then centralized systems are more acceptable. Probably

the optimal system has a blend of central ization/decentralization. Managers

must report some indices upward, but most are kept for their own use.

10. Management understanding/awareness. Ultimately, the success of many

productivity measurement systems depends on the level of management understand-

ing and awareness as to why it is important to the company, to his/her unit

and to him/her personally. If this level of understanding has not been tho-

roughly ingrained and reinforced repeatedly, the best measurement system will

fail!

E. TAXONOMY VALIDATION.

As a means of validating the taxi.nomy, the researchers conducted field

investigations of measurement systems in use by a range of organizations.

These actual systems provide a convenient means of assessing the utility of the

taxonomy in describing differences between these measurement systems. In this

moeraietor varalsonm acountin rfors the aovcaactiti of the measure-an

exeriethe taraxosn alidantin frs the vcaaidit of the mesnean

ment systems. First, Chapter V describes the measurement techniques currently

available, and then Chapter VI describes applications of these measurement tech-

niques using the taxonomy variables.
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CHAPTER V

PRODUCTIVITY MEASUREMENT TECHNIQUES

A. INTRODUCTION.

A major objective of this project was to identify a comprehensive set of

productivity measurement techniques. Those identified to date are described

here. While only a few techniques have potential use directly in IMIP, all

have potential use by defense contractors to improve productivity and reduce

weapon system cost.

As the project progressed, it became evident that a fundamental distinction

was necessary among the techniques identified. One set of techniques included

those that measured productivity per se; and the second set included those

techniques that measured productivity improvements or related factors but not

necessarily productivity as defined in Chapter II. The techniques in this

second group are referred to as surrogate productivity measurement techniques.

Three different techniques were identified as actual productivity measure-

ment techniques. They are the multi-factor productivity measurement model,

the normative productivity measurement methodology, and the multi-criteria

performance/productivity measurement technique. Also described in this chapter

are the following surrogate techniques:

1. Managing "Productivity" By Objectives

2. IBM Common Staffing Study

3. Micro-measurement approaches

4. Macro-measurement approaches

5. Audits and checklists

6. IMIP validation and verification measurement techniques.
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B. PRODUCTIVITY MEASUREMENT TECHNIQUES.

Each of the three productivity measurement techniques is described in enough

detail to provide a basic understanding of the technique but not in enough detail

to implement it. The references provided for each should be checked if more

information is needed. Much of this chapter is exerpted from Sink and Tuttle

(1983).

1. Multi Factor Productivity Measurement Model (MFPMM).

In 1955, Hiram Davis, in his book titled Productivity Accounting,

described his attempts of measuring productivity at the firm level. Since

then the MFPMM has evolved into a price weighted, accounting based model that

provides productivity information on various inputs and outputs and relates it

directly to profitability.

The MFPMM is a dynamic, aggregated, indexed, and computerized approach

to measuring productivity which strictly adheres to the definitions provided in

Chapter II. This approach is very similar to other approaches which can be

found in the literature: "Total Productivity Measurement" (Craig and Harris,

1973); "The Total Performance Measurement System" (APC, 1978); "The Product-

Oriented Total Productivity Model" (Samanth and Hassan, 1980); and "Total

Factor Productivity Measurement" (Van Loggerenberg and Cucchiaro, 1981-1982).

The MFPMM and the other approaches mentioned essentially blend the major

inputs of a particular organizational system together and relate the resulting

aggregate input to the total output of that same system. The five basic class-

es of input resources typically considered are: labor, materials, energy,

capital, and services.

The MFPMM can be utilized to measure productivity change in any of these

input resources and to measure the effects of these changes separately as well
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as in aggregate and the corresponding change in profitability. As Van Loggeren-

berg and Cucchiaro (1981-1932) point out, this technique can be used to:

(a) monitor historical productivity performance and measure how much,
in dollars, profits were affected by productivity growth or decline;

(b) evaluate company profit plans to determine whether the producti-
vity changes implied by their plans are over'y ambitious, reasonable,
or not sufficiently ambitious; and

(c) measure the extent to which the firm's productivity performance is
strengthening or weakening its overall competitive position relative to
its peers.

With essentially the same basic accounting data used to calculate revenues

and costs, it is possible with the MFPMM to gain additional and more detailed

insight into precisely which factors are most significantly affecting profits.

a. Methodology. The MFPMM is based on the premise that profitability

is a function of productivity and price recovery; that is, an organizational

system can generate profit growth from productivity improvement and/or from

price recovery. Productivity, as pointed out earlier, relates to quantities

ties of output and quantities of inputs, while price recovery relates to prices

of output and cost of inputs. Price recovery can be thought of as the degree

to which input cost increases are passed on to the customer in the form of

higher output prices. The relationship between productivity, profitability,

and price recovery is depicted in Figure 5.1. (adapted from Van Loggerenberg

and Cucchiaro, 1981-1982).

The data required for the MFPMM are periodic data for quantity and price of

each output and input of the organizational system being analyzed. Since value

equals quantity times price (V=QxP), having two of the quantity, price, and

value variables obviously yields the third algebraically. Quantity, price,

and/or value of the various outputs produced and most of the inputs consumed

are straightforward and should be provided by most basic accounting systems.
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Changein Chage Changein
Product in Product
Quantity Revenue Price

Change Change Change in
in in -- - Price

Productivity Profit Recovery

FChange in Change Change in
Resource in Resource
Quantity Costs Cost

FIGURE 5.1 RELATIONSHIP BETWEEN PRODUCTIVITY, PROFITABILITY, AND
PRICE RECOVERY

The output and input data must be entered for two time periods: a base

period (period 1) and a current period (period 2). The choice of a base period

is a critical decision since it establishes the period against which the current

period will be compared. Therefore, the base period should be as representative

of normal business conditions as possible. If the data exists, a base period

could also be used for "standards" or a budget. Depending upon the needs of

the user, the availability of data, product cycle time, etc., period length

could be a week, a quarter, a year, or any other period for which input data

can be matched to output data.

Table 5.1 depicts the basic format of the MFPMM as it currently exists.
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b. Implementation. The MFPMM is most appropriate at the firm and plant

level and would be most useful to senior management. The data required to run

the MFPMM are quantity and price for each output and input of the entity being

analyzed. In order for the model to be used effectively, output and input

data must be reliable and consistent over the intended period of time so as to

allow valid comparisons from year to year, quarter to quarter, or month to

month. The outputs and inputs selected for a given organizational system must

be relevant to that system and must include all important factors pertaining

to the production or service of that particular system.

A base period should be selected that reflects normal business conditions

as closely as possible. The period selected should also be current enough that

price and cost data are available for products currently in production or

services currently offered. If this is not the case, estimates can be determined

for the base period using average market prices, deflators, or estimation based

on similar products or services. Since the MFPMM utilizes base-period price

weighting, the deletion of old products or services does no' present a problem.

Conventions should be established at the outset for dealing with output and

input measurements that cross period boundaries. For example, a unit started

in one period and finished in another would result in fractional measures in

each period.

Many other problems not discussed here are addressed in the literature.

Davis is an excellent source to consult on revaluation and related problems.

Shifts in input cost lines, revaluing new qualities, capital goods revaluation

management input, investor input, taxes, depreciation, etc., are all called

out and addressed. The treatment of potential problems such as these, as well

as others not mentioned, should be resolved by an organization before it begins
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date collection. Each organization will face unique problems and it must be

prepared Lo deal with them for the MKPMM to work effectively.

It is very important that the MFPMM be closely interrelated with the

organization's existing control systems. Managers should be able to use the

MFPMM to complement other sources of financial data when making business

decisions. Also cri "cal to successful MFPMM application is the degree to

which management iccepts and feels comfortable with the model and the information

it provides.

It is estimated that somewhere betwee5 50 and 100 organizations in the

United States are utilizing the multi-factor productivity measurement approach.

Among these are: Phi!lips Petroleum Company, Anderson Clayton, General Foods,

Hershey Foods, Sentry Insurance, john Deere, and Federal Express.

As an accounting based moodel that directly identities cost and productivity

impacts, the MFPMM is an appealing candidate for IMIP. The model has already

been implemented in numerous commercial organizations. It appears that MFPMM

implementation would cause minimal disruption in existing accounting systems

and provide the kind of information required to IIP negotiations. Testing the

MFPMM in a defense environment is necessary before it could be accepted as an

IMIP methodology.

2. Normative Productivity Measurement Methodology (NPMM).

Since 1960, industry has spent about $25,000 for every blue collar

employee to improve productivity in the factory; however, at a time when the

role of white collar workers in industrial operations is expanding dramatically,

industry has spent only $2,500 for every white collar employee to improve

productivity (Rowe, 1981). Corresponding to the relative amount of resources

spent on each group of workers, blue collar productivity has increased
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dramatically, while white collar productivity improvement has been almost non-

existent. Defining the nature and value of white collar contributions, matching

the timing of inputs to outputs, and determining both quantity and quality

dimensions, are all major stumbling blocks for identifying productivity measures

and opportunities for productivity improvement of white collar employees (Ruch,

1980). In hopes of developing a white collar productivity measurement and

improvement system, the Normative Productivity Measurement Methodology (NPMM)

was developed. Once white collar productivity can be measured, steps can be

taken to improve it.

The NPMM was designed, developed and tested at the Ohio State University by

the Productivity Research Group of the Industrial and Systems Engineering

Department during the period 1975-1978. The basic and early methodology, as

tested at Ohio State, incorporated structured group processes to identify

appropriate productivity measures for such work groups as engineering, marketing

and personnel. The st-uctured group processes are used as mechanisms for shaping

consensus and for developing a commitment for further follow-through (Sink,

1981). Once the productivity measures are identified, it becomes the task of

the group to operationalize and implement the productivity measurement system.

The final and perhaps most important task of the NPMM is to provide feedback to

the workers in hopes of identifying productivity improvement opportunities.

a. Methodology. The Normative Productivity Measurement Methodology,

as a component of a productivity measurement system, is shown in figure 5.2.

As illustrated, NPMM is not implemented until several necessary preconditions

are fulfilled. These necessary preconditions include securing top management

support and legitimization, organization, preparation and program leadership

all of which help to lay the foundation needed to support the NPMM. Without
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support from all levels of management and labor, the NPMM cannot be successful.

Once it is determined that NPMM is to be used in the productivity measurement

system, there are five distinct states to be followed.

b. Implementation. This discussion of the NPMM has focused on generat-

ing productivity measures for white collar workers. The reason for this parti-

cular focus is due to the difficulty in identifying the components of produc-

tivity measures. However, the NPMM can be implemented in any organization

that is interested in pursuing a participative method of developing producti-

vity measures. A substantial body of literature and experience relative to

participation and group processes suggests that there exists a great amount of

untapped resources within organizations in the form of its employees (Sink,

1978). By tapping the resources of its employees, an organization can cap-

ture a group wisdom that is most likely to identify the real problem and oppor-

tunities involved in productivity improvement. Through worker involvement in

the NPMM process, a receptive environment can be created which will be helpful

in the actual implemientation of any solution to the challenges of productivity

improvement (Stewart, 1980).

Once an organization determines that the NPMM will be used to generate

productivity measures, it is essential that the level of measurement be

identified. It has been determined that the NPMM process functions best when

the measurement focus is not on the corporation as a whole, or the individual

employee, but upon the individual department. The productivity emphasis,

therefore, would be placed upon the "producing" unit. Engineering would be

measured for the engineering it produced, marketing for marketing, and personnel

for personnel (Rowe, 1981).
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The NPMM can be effectively used by defense contractors as a participative

approach to productivity measurement, especially for white collar employees, but

it cannot be used directly for IMIP purposes. IMIP requires measurement systems

that can monitor and verify productivity improvements and can be used in contract

negotiations. The NPMM is good for motivating productivity improvements but

less useful for verifying improvements.

3. Multi-Criteria Performance/Productivity Measurement Technique (Objec-

tives Matrix).

Performance and even productivity are multi -dimensional issues, fac-

tors, and phenomena. In order to completely assess and evaluate the perfor-

mance and productivity of even the simplest organizational system, it is neces-

sary to measure and evaluate a number of criteria. In the case of producti -

vity, the question becomes one of identifying and determining ratios of output

to input. Again, even in the simplest of organizational systems there will

likely be multiple outputs and certainly multiple inputs. Two frequent ques-

tions arise:

(1) how do we determine which are the most important productivity
measures to look at?

(2) how do we combine or aggregate unlike productivity measures so as
to obtain an integrated view of changes in productivity over time?

The Multi-Criteria Performance/ Product iv ity Measurement Technique (MCD/PMT or

more commionly called the Objectives Matrix) is designed to specifically address

these two important questions.

The technique's developmental history rests in the field of Decision

*Analysis. Research, development and literature in the area of multi-attribute

* decision analysis and utility theory form the theoretical foundation for this

technique. More recently, Stewart in 1979, and Riggs in 1982 have resurrected,
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simplified and extended previous work into the field of productivity measure-

ment.

If this technique is integrated with the NPMM, then the determination of

which measures of productivity to evaluate and how to aggregate them becomes a

consultative/participative one. If the technique is developed with insights

from management only, then the technique takes on a different, more autocratic

perspective. The point is that this technique can be implemented in many

different ways depending upon the ultimate purpose.

a. Methodol ogy. Criteria or measures of productivity for the focal

organizational system need to be developed. This can be accomplished in a

structured participative fashion by persons in the system or in a more expert

imposed fashion, again depending upon the ultimate purpose of the measurement

system. If acceptance of the ultimate measurement system is critical then a

participative approach is recommnended. Short term quality/validity of the

measurements may result; however, commitment to the goals implicit in the

measures and more effective linkage of measurement to improvement is likely.

If this is the case, the criteria or measures can be determined in Stage 1 of

the NPMMt using the Nominal Group Technique (NGT). Stage 2 of the NPMM

then becomes application of the MCP/PMT.

One format for this technique is a matrix structure. Riggs and Felix

(1983) present this format as their objectives matrix. Figure 5.3 presents

an example in the matrix format. A summary of the mechanics of the MCP/PMT

are as follows:

1) identify (a) performance criteria and sub-criteria, and
(b) productivity ratios to be utilized in the

measurement system.

The Nominal Group Technique can be very effective in this step if
participation and consensus is desired.
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2) Rank and rate the criteria. Rank and rate the sub-criteria, mea-
sures, ratios, etc. within a given criteria. Place the resultant
weightings in the appropriate cells of the matrix or space in the
graphical alternative representation.

3) Monitor performance against these criteria. Develop scales for
each criteria and/or sub-criteria. Determine an appropriate scale
for each. This is actual performance variability against some
measurable attribute.

4) Develop a "utility" scale which corresponds to the values developed
in step 3 (the scale ranges from 0 to 1.0, 0 to 10 or 0 to 100).
In other words, identify a transformation function for one scale
(actual performance) to the other scale (utility). A 0 on the
utility scale corresponds to unacceptable performance, no perfor-
mance, etc. A 5 on the utility scale corresponds to minimally
acceptable performance. A 10 on the utility scale corresponds to
excellent performance.

5) For a given period of time, an analysis period, identify actual
performance. Identify the corresponding "utility" or standardized
score for the actual level of performance. Place this value in
the equivalent score cells in the matrix format. Do this for
each criteria and sub-criteria.

6) Multiply equivalent scores times weighting values to get perfor-
mance values. You can add up all the performance values to obtain
an aggregated performance indicator.

7) Track scores over time. Develop control charts.

8) Validate criteria, ranks, weights, utility transformation func-
tions.

9) Evolve into measurement and evaluation systems that promote
improvement.

10) Integrate with other performance and productivity measurement

systems.

b. Implementation. The challenges to implementing the MCP/PMT focus

upon the subjective input required to drive the technique itself. The trans-

formation function and the weights given the criteria are critical parameters

of this technique. Identification of the criteria/measures is also a critical

and often difficult step requiring some skill. Of course, evaluation, inter-

pretation, and intervention are also critical stages in the application of

the MCP/PMT.
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The technique perhaps has greatest potential when integrated with the NPMM

as a decoupled productivity and/or performance measurement, evaluation, control,

and improvement technique. In a decentralized fashion, productivity measure-

ment, evaluation, control, and improvement systems are designed and developed

within each organizational system (i.e., work group).

A MCP/PMT could be developed within each unit in an organization. The

logic for which criteria/measures are used in the system would reside within

the specific organizational systems. At successively higher levels of the

organization, attempts would be made to measure and evaluate the overall

productivity of subordinate units. These higher levels would therefore have

two MCP/PMM systems, one for that specific unit's measurement and evaluation

and one or more for the integrated contribution of subordinate units.

The real value in this approach to productivity measurement, particularly

if implemented as a stage in the NPMM, is its ability to shape commitment and

hence more effectively link improvement efforts to measurement results. Like

the NPMM though, it is not going to be a useful validation procedure for IMIP.

It may, however, be an approach that can facilitate affective execution of the

productivity innovations.

C. SURROGATE PRODUCTIVITY MEASUREMENT TECHNIQUES.

Except for the specific IMIP techniques, the surrogate techniques do not

have application directly in IMIP because of their limited scope or inadequa-

cies in monitoring and verifying specific productivity measures. These techni-

ques are only briefly described here, with references given for further informa-

tion. The IMIP techniques are described in more detail since they have high

potential for continued application within DOD.

1. Managing Productivity By Objectives (MPBO).
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Managing by Ubjectives (MBO) has become an accepted managerial strategy.

MBO is a formal strategy for translating participation from organization members

to a commvitment for a common goal. Managing Productivity by Objectives (MPBO)

is an adaptation of managing by objectives. MPBO can be thought of as measure-

ment by objectives since productivity closely follows a measurement concept.

Paul Mali, author of Improving Total Productivity (1978), is credited with

formulating MPBO, and his concepts are presented here.

The framework for the MPBO is a six-step process. Any additional steps are

incorporated in one or more of the following main steps:

1) Identify potential areas for productivity improvement. Five areas
should be examined for potential productivity improvement. These
areas include:

a. Operations
b. Responsibilities
c. Problems
d. Traditions
e. Opportunities

2) Quantify Productivity Level Desired. "Before" and "after" new
productivity indexes are established In this step.

3) Specify a measurable productivity improvement objective. The new
productivity level provides the basis for adapting and setting a
productivity objective.

4) Develop plans for attaining the objective. Once a statement of
productivity commnitment has been made and agreed upon, plans are
developed to implement completion of the commitment.

5) Control with milestones of progress toward objectives. This step
sets up all activities and tasks on a schedule to measure and re-
port the status of and the progress made toward completing the
objectivye.

6) Evaluate productivity reached. The results of the entire producti-
vity effort are evaluated to see how well objectives have been
reached.

2. IBM Common Staffing.
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IBM began their "Common Staffing Study" (CSS) on an experimental basis

in a manufacturing division eleven years ago. The technique was designed as an

attempt to measure/plan/improve productivity in the indirect labor areas.

These areas tend to encompass work that is complex, non-repetitive, irregular

in character, and often unpredictable. Most traditional work measurement

techniques and approaches have been found to be ineffective for these types of '
application. The CSS is now installed in virtually all major manufacturing

plants worldwide in the IBM corporation.

The CSS approach is based on the assumption that it is not feasible nor

economical to measure most "indirect" manufacturing jobs in the sense of

absolutely determining the minimum requirements, to accomplish a task with

"100%" performance. Instead, the objective is to describe the level of

productivity, whatever it is, at one point in time, and then to strive to

continuously improve that productivity in all areas through future points in

time. There are four basic steps to the CSS technique:

(a) define activities,

(b) identify causes,

(c) survey locations, and

(4) data analysis.

CSS is structured in a heirarchy of 14 model functions, activities for each

function, and indicators that relate to the activities. Figure 5.4 lists the

14 model functions and gives some typical examples of the associated activities

and related indicators.

Indicator ratios are calculated for each plant or measurement area and

plotted on one chart for comparison purposes. Points varying substantially

from a regression line identify plants and areas with improvement potential.
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CSS is not a total factor productivity index since it addresses only indirectJ

l abor. It does not giv'e a precise measurement or quantitative assessment of

performance. CSS does provide a relative measure of productivity improvements

among plants and areas.

CSS has potential for use by defense contractors in addressing the indirect

work areas and in identifying areas with improvement potential. It can not be

used directly in IMIP since it addresses only indirect labor and provides only

relative measures of labor productivi ty Improvement.

3. Micro-Measurement Approaches.

These surrogate techniques are typically thought of as work measurement

procedures. The objective of any work measurement system is to determine the

standard time it should take a qualified, properly trained, and eAperienced

worker to perform a specified task or operation when working at a normal pace.

This time standard provides a basis for evaluating performance against a set

benchmark or goal.

It should be clear that work measures are not the same as productivity

measures. Work measures are merely efficiency measures; that is, comparisons

of how long it took to complete an activity and how long it should have taken.

Productivity, as earlier mentioned, is concerned not only with how long an

activity took to complete but also with how much was produced. In other wvords,

productivity is an output and input issue while efficiency is only an input

issue.

The more commonly used techniques such as time study, work sampling,

and standard data are already being used by defense contractors to control

labor costs. MIL-STD 1567 outlines the procedures being following for DOD.

Work measurement, by itself, is not adequate to support IMIP negotiations for
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productivity improvements and related cost reductions, but it certainly can be

used to help control labor costs.

4. Macro-Measurement Approaches. Macro-measurement approaches ire those

concerned with a much larger scope than that needed for IMIP. They typically

address industry or national issues such as the Gross National Product (GNP)

or, the many productivity indexes monitored by the Bureau of Labor Statistics

such as output per labor hours. Their value to IMIP is primarily for reference

and trend comparisons.

5. Audits and Checklists. Another popular approach to productivity

improvement is through the use of audits/checklists. They can serve to identify

areas for improvements and to structure an analysis of productivity issues, but

they cannot be used by IMIP directly. A number of audits/checklists for

designing productivity measurement systems or evaluating the effectiveness of

existing efforts are presented in Sink and Tuttle (1983).

6. IMIP Validation and Verification Techniques. The two most popular

techniques currently being used to support IMIP negotiations are the Cost Benefit

Analysis/Tracking (CBA/T) methodology and the "shared savings" analysis. CbA/T

is a specific methodology that assesses manufacturing costs at some baseline

and tracks cost changes directly and iteratively as productivity improvements

are realized. "Shared savings" is a generic approach that does not address

specific productivity indices but bases Return-on-Investment rewards to the

contractor upon the differences between a baseline and lower acquisition cost

resulting from productivity enhancing investments.

a. Cost Benefit Analysis/Tracking.

CBA/T was developed jointly by Price-Waterhouse and General Dynamics

as a means of tracking cost savings from capital investments at the F-16 plant
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in Ft. Worth, Texas. It is being considered for implementation at additional

defense and non-defense manufacturing facilities. CBA/T is a comprehensive

approach to measuring and tracking changes in manufacturing cost and producti-

vity. Among many other features, the cost analysis and tracking are integrated

and done concurrently and iteratively. CBA/T differs from conventional cost

accounting in that costs are treated as direct costs as defined below:

Manufacturing Cost = Direct Labor
" Direct Material
" Machines and Automation
" Operational Support 4
" Engineering
" Plant and Facilities
" Information Systems
+ Inventory
" G&A Support
" Finance

CBA/T incorporates a total, top-down factory analysis in a package for

effective manufacturing cost management. It is an innovative and comprehensive

methodology that refines classical cost classifications while retaining compli-

ance with current DOD cost accounting standards (CAS). Superficial review of{

the methodology for indirect allocation would cause an appearance of noncom-

pliance with CAS 401 and CAS 402, however a more detailed examination of the

accounting technique and costing records discloses no apparent conflict with

CAS.

CBA/T is actually comprised of both a Cost-Benefit Analysis Methodology

(CBAt4) and a Cost-Benefit Tracking Methodology (CBTM). During the course of a

"typical" engagement, there is both a CBAM and a CBTM segment. Each segment,

in turn, consists of nine work tasks. The CBAM segment begins coincident with

the development of a contractor's business plan, or his determination of a

need to improve his technology base. The work steps involved in the CBAM

segment are:
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Step 1: Identify current manufacturing activities. This step develops
a model of the contractors current manufacturing functions. The model
becomes the basis for the "As Is" portion of a cost-benefit analysis.

Step 2: Quantify current manufacturing costs by function. This step -

defines the current "cost drivers" and adds cost data to the functional
model developed in Step 1.

Step 3: Develop criteria for ranking-the improvement potential of each
function defined in the Step 2 model. This step provides a methodology
for rank-ordering improvement opportunities at the manufacturing func-
tion level.

Step 4: Conduct a review of the effectiveness, and thus improvement
potential, of existing manufacturing functions. This step results in
the rank-ordering, from greatest to least, of the functions where a
contractor has an opportunity to reduce, or contain, costs.

Step 5: Identify those manufacturing technologies which could be used
to accomplish the improvement opportunities identified in Step 4. This
step results in a conceptual design (requirements definition) for
various improvement projects. (There may be several improvement pro-
jects within a manufacturing function.)

Step 6: Develop the cost-behavior patterns for each potential improve-
ment project. This step adds "costs" and "benefits" to the conceptual
design developed in Step 5.

Step 7: Quantify the cost drivers and cost-benefit of each improvement
opportunity. Project savings are then determined based on the differ-
ence between the cost of proposed processes and current operating
costs. This step also provides the "impact" of a project's cost-
benefits on the contractor's organizational and financial reporting
requi rements.

Step 8: Analyze the "risk" associated with each project and assign
probabilities for attaining the projected cost-benefits. This step
develops a cost-benefit statement, complete with probability of success,
for each improvement project.

Step 9: Thoroughly determine the time-phased economics for each
improvement opportunity. This step finalizes the cost-benefit analysis
and adds return -on-i nvestment data to the statements developed in Step
8. This step produces the "To Be" cost-benefit profile of an improvement
project and, combined with other projects, can be directly related to
the "As Is" of the functional manufacturing cost model developed in
Step 2.

Following the cost-benefit analysis, a typical contractor will proceed with

those improvement projects which satisfy their thresholds for return-on-
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investment, probability of success, and benefit value. For those projects

where a decision is made to proceed, it now becomes necessary to track the

actual cost-benefits against the anticipated, or planned, cost-benefits. Thi s

is the CBTM segment.

The CBTM segment's work steps are:

Step 1: Capture the resulting direct labor cost after the new technology
or improvement project is implemented, including: standard direct,
learning curve factor, productivity factor, scrap and rework. This
step develops the actual direct l abor cost baseline.

Step 2: Capture the resulting direct material costs, including:
standard direct, yield and scrap. This step develops the actual direct
material cost baseline.

Step 3: Capture the resulting value of significant other costs,
including: facilities, machinery and equipment, engineering, operations
support, indirect labor, indirect material , information systems, in-
ventory carrying costs, general and administrative support, and finan-
ces. This step develops the actual indirect cost baselines. Many
costs heretofor- considered indirect, can be directly monitored.

Step 4: Based on the data collected in Steps 1, 2 and 3, develop an
aggregated actual cost baseline for the improvement project. This
baseline includes both those costs directly attributable to the project
and the project's share of other contractor operating and support costs.

Step 5: Calculate the difference between the resulting actual cost
baseline and the anticipated "To Be" cost baseline developed in the
CBAM segment. This step determines the relative cost variance of the
project.

Step 6: Reconcile significant variances between the actual and "To Be"
baselines, using the documented assumptions developed in the CBAM steps.

Step 7: Revise the predicted "To Be" cost baseline to reflect actual
performance, only where appropriate. It is preferable to adjust and
tune the technologies until they perform to the specifications as
antici pated.

Step 8: Complete the "control loop" by passing the revised "As Is" and
"To Be" baselines to the cost-benefit analysis model to determine if
new improvement opportunities exist, or if the existing ones should be
reprioriti zed.

Step 9: Report summary information on costs, benefits and comparisons
of actual results to predicted results on a reporting cycle that follows
both internal and external reporting requirements. This step compiles
with general DOD reporting requirements.
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The foundation of a cost-benefit engagement is the development of the

manufacturing cost model. This model is the tool by which the "As Is" and "To

Be" cost behavior patterns of thte improvement proJects are identified. The

model itself consists of a set of assumptions, definitions and economic

relationships. Depending on the complexity of the contractor's manufacturing

processes and the level of analysis required, the model can be as summiarized or

as detailed as necessary.

The model provides the framework for quantifying the cost behavior patterns

associated with improvement opportunities. The model is structured to ensure

that all cost behavior patterns for each improvement opportunity are evaluated.

A hierarchy of assumptions and relationships is developed to allow each cost

grouping to be successively decomposed into additional detail level subgroup-

ings, depending on data availability and project requirements. Project risk

can also be analyzed by assigning a probability distribution to any of the

model's variables, depending on their perceived risk factor.

b . Shared Savings.

This generalized approach attempts to identify productivity enhancing

investments by contractors and share the resulting acquisition cost savings.

000 receives a reduced acquisition cost, and the contractor earns a desired

return on investment through increased profits from the savings. The shared

savings approach is compatible with the desires expressed by survey respondents

to simply base productivity rewards on the difference between a baseline and

some lower acquisition price. It therefore does not require productivity, per

se, as the basis for reward. Any form of cost reduction can be accommnodated.

It has been used as part of the business arrangement negotiated between the

Air Force and General Dynamics for F-16 production. A shortcoming is that
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productivity measurements are not directly addressed. This means the gov-

ernment would have to negotiate using assumptions without access to specific

productivity information which may still require validation. The Discounted

Cash Flow Shared Saving Model, proposed by the Logistics Management Institute,

is one model for analyzing capital investments and associated shared savings

rewards.

The discounted cash flow model is merely a year-by-year tracking of allV

cash flow items, summed to produce net after-tax cash flows. A sample output

from the model is presented in Table 5.2 Numerical values employed in the

Table are essentially similar to those used in the draft DOD IMIP Guide (Aug

1983) and include a contractor target or hurdle rate of 20 percent. Since

many cash flow items require tracking of book value, depreciation and cost-

reducing effects of the investment, these items are reproduced for better

understanding of the model. The model also calculates contractor IRR with-

out sharing and IRRs to the DOD program and Government. The formal terms

used in the model are described next, with numbers corresponding to the

line numbers on the output.

1. Investment. The acquisition cost of productive equipment. This
input value is used in several calculations. The current treatment is
as an equity financed investment, but debt financing can easily be
introduced.

2. Shared Savings. Amount of "incentive" added to contract price.

The amoun iscmuted to yield a target rate of return to the contractor
as explained in separate section below. (See item 14 and the paragraph

3. Imputed CAS 414 Interest. This represents the reimbursable cost
. 4 Imputed In accordance with 'FAR 31.205-10. (See DOD FAR Supplement 30.70

for measurement of facilities capital in general. For this illustra-
tion, the basis for the computation is the net book value, using CAS
409). The applicable interest rate can be selected as an input value.
4. Profit on Facilities. This represents the portion of the weighted
guidelines profit objective authorized by DOD FAR Supplement 15.9. The
base is the net book value computed in accordance with CAS 409. The
rate is to be from 16 percent to 20 percent, and can be varied as an
input value.
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5. CAS 409 Depreciation. Depreciation expense is an allowable contract
cost, u -di-r R31205-l. The aiiount entered on this line is a function
of the service life kamortization period) and the derreciation methods.
The calculation is shown in a later section of the report.

6. Profit on Depreciation. Contract costs are used to measure "con-
tractor effort" in developing profit objectives, under DOD FAR Supple-
ment 15.902. Depreciation expense, along with other overhead and gene-
ral management costs, bear profit at 6 percent to 8 percent. (This
portion of the profit objective is reduced by an adjustment to 70
percent of the gross amounts, as provided in 15.902). This profit is
entered at its adjusted value.

7. Profit on Savings. The invesLment in productivity-enhancing
equipment -is presumed -co result in some reduction in manufacturing
cost. The saving is liKely to be a reduction in manufacturing direct
labor. Such cost, if incurred, would have been the basis for profit
objective at 5 percent to 9 percent (subject to reducti.on by the 0.7
adjustment fnctor). This factor for lost profit can be entered (al-
ready adjusted) at the desired rate based on the savings assumed from
the productivity gain on line 17.

8. Before Tax Cash Flow. This is a calculated amount, representing
the impacts indicated for the first 7 lines. A positive vdlue indicates
an increase in cash received by the contractor with the new equipment,
as compared with what would have been received without the investment,
under the old, higher-.ost, production method.

9. ACRS Depreciation. The depreciation expense shown on line 5 is
the contract cost, used to determine contract price, this is not
necessarily the same amount used by the contractor for income tax
purposes, where more rapid writeoff is allowed to compute income for
tax purposes. The tax depreciation computation is set out separately
in the next item.

10. Taxable Income. This line represents the change in contractor
taxable income derived from the changed investment. Formally, taxable
income is the sum of all additional revenues received because of the
investment (sum of lines 2 through 7) less ACRS depreciation charges
used for purposes of computing taxable income under IRS guidelines. A
positive number represents an increase in taxable income.

11. Income Tax. The tax rate can be supplied by the user as an input
value. The rate represents the marginal rate applicable to an extra
dollar of taxable income. The amount displayed is this rate times the
amount on line 10.

12. Investment Tax Credit. This reduction in computed tax is allowed
*1 only in the first year. It has the effect of increasing the after-tax

income.
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13. After-Tax Cash Flow. This computed amount shows the net change
(after Federal income tx) in the contractor's -ash flow for the year
because of the investment. A positive number represents an increase in
net cash collections.

14. Discount Factor. The present value of any future stream of cash
flows can be determined readily when a discount rate is agreed upon.
(The "internal rate of return" is the discount rate which will cause a
stream of cash flows to have, as its present value, the cost of the
investment necessary to product that stream.) The user-provided target
return on investment, or hurdle rate, is the discount rate used.

15. Discounted Cash Flow. On this line computed net cash flows for

each year are restated in present value terms, at the discount rate
supplied.

16. Cumulative Discounted Cash Flow. The values presented on this
line are the sums of the present values, starting at the first year and
being accumulated. This line is the "scorecard" for the contractor.

17. Productive Savings. The user can supply any desired percentage

(of the cost of the new equipment) to represent the cost reduction to
be expected each year. If desired, uneven year-by-year precentage
savings could be incorporated as a model enhancement. The user may
also supply an annual inflation rate, to identify on a year-by-year
basis the increasing "then-year" costs to be avoided. The number shown
on this line represents the "saved" costs each year, under the given
productivity and inflation assumptions. (The inclusion of inflation
avoidance savings is controversial and not endorsed by LMI.)

18. Contractor Rate of Return Without Sharing. This calculation shows
the return earned by the contractor on his initial investment (line 1)
absent any sharing payment. Sharing dollars are then offered, if
necessary, to increase the return up to the targeted hurdle rate.

19. Direct Government Funding. This line is provided for the user to
input any first year (or prior) cost funded directly by the Government
in connection with the investment under consideration. This value will
become a part of the analysis of the net value to the Government.

20. DOD Program Benefit. The value on this line indicates the differ-
ence between the benefits received by the DOD program (namely, the
productivity savings) and the amount paid by the program's budget to
the contractor (the before-tax cash flow). Formally, this line repre-
sents the difference between lines 8 (before tax cash flow) and line
17 (the productivityinduced dollar savings). Tax effects are not
considered because they are not included in the DOD program budget.

21. DOD Internal Rate of Return. The stream of costs and benefits is
stated on line 20 in their current amounts. The internal rate of return
represents the return to the program which equates the value and timing
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of costs to the program with the value and timing of benefits (costs
avoided).

22. Total Government Benefit. The numbers on this line display the
share allocated to the Government when the savings displayed on line 17
are considered to be available for sharing between the contractor and
the Government. The difference between after-tax total to the con-
tractor (line 13) and the total shared benefits available shows the
costs avoided or benefit accrued to the Government.

23. Government Internal Rate of Return. The stream of costs and bene-
fits is stated on line 22 in current amounts. The display at line 23
is the discount rate that will make the present value of benefits equal
to the costs. This rate is an indication of whether the proposed "deal"I
is desirable for the Government.

NOTE: The displays beyond this point are detailed, showing the deriva-
tions of amounts displayed in the first 23 lines. For most
purposes they need not be studied, but they are available to
help the analyst to review the results.

The model allows for selection among four shared savings streams, all of

which lead to the targeted after-tax return to the contractor. In theory an

infinite number of streams to achieve the target IRR are possible. Four shared

savings streams currently are available in the model. Except for the first

method, all streams cover the entire asset (and program) financial lifetimes.

Modification to shorter shared savings profiles is possible.

1. First Year. High enough to front-load the return in the first year
(thi's may not always be possible if funding is from immediate cost
avoidance).

2. Constant Discounted Stream. A gross level amount in each year such
that the gross level amount when discounted produces even annual

discounted amounts.

3. Constant Cash Stream. A gross level amount in each year which when
discounted prodfuces uneven discounted cash payments suffictent to yield
the target IRR.

4. Percentage Cash Stream. A constant percentage of the pre-sharing
cash flow stream which gives the target IRR (comes closest to DOD guide
results).
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CHAPTER VI

APPLICATIONS OF PRODUCTIVITY MEASUREMENT TECHNIQUES

j A. INTRODUCTION.

Although the survey of contractor productivity measurement techniques

revealed only implementations of surrogate productivity measurement techni-

ques, a few additional applications were identified during the project re- I

search. These known applications are described here using the taxonomy for

productivity measurement techniques presented in Chapter V. The applications

are of both the productivity measurement techniques per se and the surrogate

techniques. i

The description of known applications using the taxonomy also serves to

validate the taxonomy. Validation refers to the validity of the dimension

and moderator variables in explaining the major characteristics of the mea-

surement systems. As shown in this chapter, the taxonomy is useful in de-

scribing and comparing the different measurement systems. I

Eight applications of the techniques presented in Chapter V are described.

Some applications use only one technique; others use some combination of

available approaches. These techniques were drawn from the following organi-

zations.

Abbreviation Name

1. H Hershey Foods Corporation

2. L Lockheed-Georgia

3. IBM IBM

4. Ho Honeywell - Signal Analysis Center

5. M Martin Marietta Aerospace -Baltimore Plant

6. G General Electric Company -Aircraft Engine

Business Group
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7. W Westinghouse - Manufacturing Systems & Technology
Center

8. GD General Dynamics - F-16 Plant

Figure 6.1 presents a classification of the measurement techniques

according to the taxonomy dimensions. Each of these techniques is described

below in terms of the principal taxonomy dimensions and moderator variables.

All descriptions, except for Lhe General Dynamics application, are exerpted

from Sink and Tuttle (1983).

B. HERSHEY FOODS CORPORATION - MULTIFACTOR, NORMATIVE AND SURROGATE MODELS.

1. Unit of analysis 5,6 multifactor model

2,3,4 normative and surrogate models

2. Measurement scope 8 multifactor model

4,5 normative and surrogate models

3. Moderator variables

a. Type of technology - system applied to both manufacturing and

white collar technologies.

b. Output variability - low.

c. Process cycle time - short.

d. Resources as % of costs - all resources are significant and

measured.

e. Purpose and audience - multifactor del used for overail track-

ing, planning and evaluating trade-offs in operational decisions;

audience is top management. Surrogate and normative models used

for diagnostic and improvement purposes by lower and middle

management.

V, f. Controllability of inputs - a?? measured inputs are controllable.
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g. Control system maturity - moderate to high.

h. Management style - not assessed.

i. Commitment to measurement - high commitment by top management.

j. Decentralization/centralization - multifactor measurement model

is centralized, not used for control.

Normative/surrogate models are decentralized and used for feedback

and control at plant level.

k. Management understanding/awareness - not assessed but is a

continuing stated priority of Hershey top management. An ongoing

process.

C. LOCKHEED GEORGIA - MULTICRITERIA MODEL

1. Unit of analysis - 4 multicriteria model

2. Measurement scope - 6 multicriteria model

3. Moderator variables

a. Type of technology - system applied to manufacturing, knowledge

and white collar technologies.

b. Output variability - moderate.

c. Process cycle time - long.

d. Resources as % of costs - resources measured left to discretion

of branch managers.

e. Purpose and audience - primarily for use of branch managers as a

guide. Only gross improvement percentage is reported upward.

f. Controllability of inputs - selection of input measures at the

discretion of branch managers.

g. Control system maturity - moderate to high.

h. Management style - not assessed.
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i. Commitment to measurement - low to moderate, but growing at

branch level. Top management commitment not determined.

j. Decentralization/centralization - decentralized.

k. Management understanding/awareness - not assessed but a major

priority of Lockheed.

D. IBM - SURROGATE MEASURES, COMMON STAFFING STUDY

1. Unit of analysis - 4 common staffing study (CSS)

3 surrogate measures

2. Measurement scope - 8 common staffing study

5 surrogate measures

3. Moderator Variables

a. Type of technology - CSS applied to all indirect areas associated

with manufacturing.

Surrogate measures applied to all functional

units (departments).

b. Output variability low to moderate in manufacturing, moderate

to high in indirect areas.

c. Process cycle time - short to moderate depending on produce line.

d. Resources as % of - CSS focuses mainly on labor resources.
costs

Surrogate measures are not input oriented.

Productivity measures not used as resource

control system for all inputs.

e. Purpose and audi- - CSS is used as a guideline for plant managers,
ence

and is viewed by higher management. Surro-

gate measures are used primarily for the

guidance of department managers, however,
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they are also reported through productivity

coordinators to top management.

f. Controllability of - basic premise underlying CSS is that visibi- 1
inputs

lity will allow plant managers to identify

out of line labor costs and reduce them.

g. Control system maturity - high.

h. Management style - not assessed.

i. Commitment to measure- - high for CSS, commitment to surrogate,
ment

measures among department managers and

top management not assessed.

j. Decentralization/cen- - CSS is highly centralized, top-down
tralization

system. Surrogate measures are bottom-

up systems with low to moderate degrees

of centralization.

k. Management understand- - high on CSS and not assessed with surro-
ing/awareness

gate measures.

E. HONEYWELL SIGNAL ANALYSIS CENTER - NORMATIVE MODEL

1. Unit of analysis - 3,5 normative measurement model

2. Measurement scope - 5 normative measurement model

3. Moderator variables

a. Type of technology - system applied to direct and indirect

employees in this mostly white-collar facility.

b. Output variability - moderate to high.

c. Process cycle time - moderate.

d. Resources as % of costs - labor is primary resource and is the

one which is targeted for measurement.
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e. Purpose and audience - normative model used to guide local managers

and to provide overall assessmnent for division headquarters.

f. Controllability of inputs - all measured inputs are controllable.

g. Control system maturity - moderate.

h. Management style - not assessed.

i. Commitment to measurement - high level at top management levels,

middle management levels are not assessed.

j. Decentralization/centralization - system is bottoms-up with gene-

ral top management support and direction.

k. Management understanding/awareness - iiioderate to high. Tis is

strong focus of top (division level) management and it has re-

ceived high, continuing priority.

F. MARTIN MARIETTA AEROSPACE - BALTIMORE PLANT -MULTIFACTOR MODEL

1. Unit of analysis -5 multifactor model

2. Measurement scope -5 multifactor model

3. Moderator variables

a. Type of technology - system covers all manufacturing and white

collar operations.

b. Output variability - high.

c. Process cycle time - moderate - varies by product category.

d. Resource as % of costs - allI resource inputs are measured.

e. Purpose and audience - top management (plant) and division level

as an indicator of overall productivity improvement.

f. Controllability of inputs -all inputs measured are controllable

at plant manager level.

g. Control system maturity -very highly developed at shop floor

level.
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h. Management style - not assessed.

i. Commitment to measurement - not assessed.

j. Decentralization/centralization - highly centralized, but used for

monitoring primarily.

k. Management understanding/awareness - not assessed.

G. GENERAL ELECTRIC COMPANY AIRCRAFT ENGINE BUSINESS GROUP - IMIP

Measurement

1. Unit of analysis - 6,5,4,3,2

2. Measurement scope - 3,4,5,6,7,8

3. Moderator variables

a. Type of technology - applies primarily to direct employees and

manufacturing overhead. The system is also used to monitor indirect employees

in relation to their success in controlling shop costs.

b. Output variability - moderate to high.

c. Process cycle time - moderate to high.

d. Resource as % of costs - system measures all shop costs.

e. Purpose and audience - used for the unit manager as a guide and

is also used for management control, planning, estimating, and

budgeting purposes.

f. Controllability of inputs - units may be measured on inputs they

cannot control, although most inputs measured are controllable.

g. Control system maturity - high.

h. Management style - not assessed.

i. Commitment to measurement - very high at all levels.

j. Decentralization/centralization - highly centralized system.
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k. Management understanding/awareness - this is a major priority

which is carried out through training, performance reviews and

linkages with managers pay.

H. WESTINGHOUSE ELECTRIC CORPORATION - MANUFACTURING SYSTEMS & TECHNOLOGY
CENTER IMIP MEASUREMENT

1. Unit of analysis -3,4

2. Measurement scope -5.

3. Moderator variables

a. Type of technology -system applied only to manufacturing units.

b. Output variability -low to moderate.

c. Process cycle time -very short.

d. Resources as % of costs - measures labor only.

e. Purpose and audience - used by department of function manager for

cost control, planning, scheduling and estimating.

f. Controllability of inputs - labor input is controllable.

g. Control system maturity - moderate.

h. Management style - not assessed.

i. Commitment to measurement - not assessed.

j. Decentralization/centralization - centralized system, data is

reported upwards and is used for management control.

k. Management understanding/awareness -not assessed.

1. GENERAL DYNAMICS - F-16 PLANT, CBA/T

U.Init of analysis -3

2. Measurement scope -4,5,6,7,8

3. Moderator variables
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a. Type of technology -applies to all cost contributors in sheet[

metal department.

b. Output variability - low

c. Process cycle time - short

d. Resource as % of costs - system measures all department costs.

e. Purpose and audience - used for management control, planning,

estimating, and budgeting purposes.

f. Controllability of inputs -all inputs

J. SUMMARY.

Based on this limited trial, the taxonomy appears promising as a model

for use in classifying and analyzing productivity measurement theori,-s and

techniques. It provides a reasonably objective basis to review various

measurement schemes in light of a range of organizational characteristics

(moderator variables).

The question of the validity of the model for use by managers in selecting

measurement techniques must await further testing and experience.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS.

The need to improve productivity within the defense industry is clear.

Escalating weapon systems production costs, a deteriorating defense industrial

base, and foreign competition provide the unmistakable evidence. DOD's Indus-

trial Modernization Incentives Program (IMIP) was initiatied to address this

need by incentivizing defense contractors to improve productivity. This

research complements the IMIP effort.

1. Productivity Measurement Practices.

Research conducted to date has identified current contractor pro-

ductivity measurement practices. Contractors responding to a survey of mea-

surement practices ranked profitability most important on a list of organiza-

tional performance evaluation factors. If used at all, productivity was usually

ranked fifth, after profitability, effectiveness, quality and efficiency.

Problems encountered by the contractors measuring their productivity

were usually due to the complexities of quantifying and relating the various

input and output factors involved. Also, meaningful indices were not readily

available to identify production productivity impacts on functions other than

production.

The respondents indicated a desire to keep any proposed productivity

measurement system simple and to base the reward for productivity gains on the

cost difference between a baseline and achieved cost, adjusted for inflation.

This is basically the way DOD currently attempts productivity measurement and

its associated profit reward in the weighted guidelines methodology, but it has

not been successfully implemented as currently structured.
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There was no evidence of a total factor productivity measurement system

implemented by the survey respondents, although some attempts were being made

to develop such. Multiple indices were often used; however, they were not

integrated as required in a total factor approach. The most popular productivity

or performance related indices being tracked by defense contractors were value

added/employee and a comparison of standard hours to actual hours for work

performed. Some confusion existed as to whether an index was a productivity

measurement (i.e., output/input) or some other performance measurement.

Production cost visibility varied widely among the contractors visited, but

all could provide direct labor and material costs through work center tracking.

Unfortunately, direct costs constitute a small and decreasing percentage of

total cost, and therefore are becoming less useful as the sole basis for pro-
ductivity measurement. Indirect costs are substantial and must also be

addressed.

Tracking the impact of an investment for productivity improvement in the

indirect areas gets obscured, and these areas frequently Increase with a decrease

in direct cost. The multiple product, plant and customer environment found at

most contractors visited further inhibits accurate cost tracking for producti-

vity measurement. Partly because of the difficulty in tracking the impact of

investments in productivity enhancing equipment, the follow-up verification of

productivity gains was somewhat lax, especially in the indirect areas.

From the discussions with the contractors visited, it appeared that

investments were mostly for competitive and technological reasons rather than

simply for cost reduction on the current contract. Contractors tended to plan

~; I ahead to other contracts and products and make investments accordingly to

improve their long run situation.
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2. Productivity Measurement Systems.

This research has also identified a number of available tools to measure

productivity and to help bring about required improvements. The report has

identified, explained, classified, and evaluated existing productivity measure-

rient practices, theories and techniques. These techniques include both produc-

tivity and surrogate measurement systems. Surrogate refe.-s to the fact that

productivity improvement efforts (e.g., cost reduction) are being measured

rather than productivity directly. Productivity improvement efforts and ac-

complishments can and are being measured without the aid of productivity

measurement and evaluation techniques.

While any of the measurement tools identified can be, and should be used by

defense contractors to measure and improve their productivity, only three have

the potential to directly complement IMIP. They are the Multi Factor Producti-

vity Measurement Model (MFPMM) and two surrogate techniques - the Cost Benefit

Analysis/Cost Benefit Tracking (CBA/T) methodology and the shared savings tech-

niques. Only the MFPMM and CBA/T can provide a basis for contract incentives.

Productivity measurement technology is currently able to provide accu-

rate productivity data to business managers. Although the technology does

exist, there are several reasons why industry in general is not taking full

advantage of state of the art techniques.

(a) Knowledge of the existence of specific productivity measurement

techniques is generally not widespread. The body of industrial engineer pro-

ductivity managers, and other individuals interested in productivity measurement

is growing; however, discussion of productivity methodologies outside this

relatively small group is rather limited to the general category of input and

output.
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(b) The state of the art techniques are less complex than they

appear, yet they do require substantial effort to actually implement. Manage-

ment information systems are required to generate, organize, and interpret

data and track productivity lmprovemerts. Many smaller organizations might

consider gross indicators of cost and output as an acceptable alternative to

establishing an entirely new area of effort and personnel devoted to research-

ing and implementing a complex productivity measurement system.

(c) Some of the macro-measurement and other surrogate techniques

may be adequate for individual manager's needs. Small job-shop operations,

speciality business, and other low volume or lesser complex organizations do

not require the elaborate measurement techniques that a large, complex, multi

product, high-volume organization requires to remain competitive.

The above comments are as appropriate for a defense contractor as they

are for industry in general. Results of the industry survey indicate that

productivity factors were ranked low relative to other measures of organiza-

tional performance. The defense contractors' inattention to productivity

measurement is understandable for two reasons.

(1) Defense contractors are generally not motivated to im-

prove productivity because productivity improvements reduce cost and defense

contractor profit opportunity is cost based. As long as this negative

incentive exists, contractors cannot be expected to voluntarily initiate a

unilateral program to improve productivity. As one attendee remarked at the

"incentivized contractors into stagnation."
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(2) State of the art productivity measurement methodologies

require data analysis. Existing management information systems may not be

sufficient to provide the data required in terms of type, degree, or format.

One example is the indirect cost contribution of a new item of capital equipment

to one of many products or other cost objectives. Absent specific government

direction with corresponding consideration, it is not reasonable to expect

defense contractors to initiate changes to accounting systems and information

systems in order to implement a productivity measurement system. Especially if

the end result is a reduction of their cost base for profit opportunity.

3. Implications for IMIP.

In addition to identifying the above techniques, a number of insights

were gained that impact application of productivity measurement systems in

IMIP. First, it is important that any system address indirect as well as direct

costs. Indirect costs such as for "information workers" constitute a large

and increasing percentage of total contract cost and must be assessed directly

rather than through burdening mechanisms on direct costs.

Current cost and financial accounting systems are not directly providing

the cost visibility required for productivity control. It is important that

productivity be related to profit and production managers use productivity

information feedback to manage and to direct changes and improvements. It may

be that either minor restructuring of expense accounts or simply tracking and

extracting pertinent cost factors through the more sophisticated cost accounting

systems will provide the desired visibility. The production costs are the same

- they are just sliced differently to reflect specifically where costs occur

and to show how they change.
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The degree of change required to provide the cost visibility depends on the

existing accounting system and desired visibility. The MFPMM, which is already

accounting system based, can provide the desired visibility depending upon the

input and output factors selected for tracking. While the CBA/T methodology

presents a new accounting perspective, it is not necessarily incompatible with

classical accounting. If radical restructuring is not possible or desired,

templates or links could be established to extract the cost information from

existing systems into a format more suitable for productivity and production

cost analysis.

DOD's focus on contractor productivity is best made at the macro level of

profitability and productivity as it relates to specific contracts. The micro

look at cause and effect of productivity changes from period to period should

1,e left to the contractor. That does not mean the productivity measurement

system must attempt to address all factors of production. This may become too

complex and costly to maintain. Rather, an attempt should be made to minimize

the cost of the measurement and tracking while considering the benefits re-

areas for and impacts of productivity changes.

Although the defense industry in general is not motivated to take advantage

of state of the art productivity measurement techniques, contractors operating

under (or considering involvement with) IMIP procedures are highly motivated.

The IMIP provides for sharing of cost savings due to productivity improvements.

Measurement and tracking are crucial to credible develoment of the amount of

savings to be shared. Since profit in this case is not cost based in the

traditional manner, contractors are not negatively incentivized. Additionally,

the implementation of a productivity measurement system or methodology in
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itself should be considered a productivity improvement. The cost to implement

a system could be treated as an initial offset from calculated savings prior to

sharing, and the maintenance of the system could be treated as an 4ndirect

expense. As a minimum the implementation should be negotiable for on-going

programs and considered in the business arrangement for new entrants to IMIW.

Since techniques are available to measure productivily improvements, the

issue of concern to 1MWP is which technique or combination of techniques will

provide data to satisfy both the government and industry.

B. RECOMMENDATIONS.

1. DOD should test the following selected techniques in a defense contractor

envi ronment:

(a) Multi Factor Productivity Measurement Model

(b) Cost Benefit Analysis/Tracking Methodology

(c) Shared Savings Techniques

The tests should be conducted at multiple sites with a paper test preceeding a

live test. The tests will serve to verify the applicability of each technique

to the defense industry and to surface areas needing correction or enhancement

before widespread implementation. The tests also allow for a variety of comn-

parisons among the different techniques in such areas as accuracy, consistency,

efficiency, and sufficiency.

2. Recognizing that no single productivity measurement system will meet

every DOD and contractor management need for productivity information, it is

recfnended that criteria be established which a contractor's system must satis-

fy rather than dictating a universal system that all must adopt. This concept

is similar to that used for the Cost/Schedule Control System Criteria (C/SCSC)

and allows the contractor considerable production management flexibility.

81



The criteria will provide the basis for determining whether a contractor's

productivity measurement system is aceptable. It will set forth characteristics

which a contractor's system must possess and specify the type of information

which can be derived from the system. It may be possible that the productivity

measurement system criteria could be integrated into a broader information

reporting system such as C/SCSC.

3. This research has identified a number of productivity related areas

that need further development. Two of particular importance are (a) capacity

utilization and how it relates to productivity and (b) productivity measures

for indirect labor (i.e., information/knowledge workers). Productivity and

efficiency measures for indirect labor are becoming increasing pertinent, yet

they are not nearly as well defined as for direct labor.
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,.,,,,, p/ NATIONAL SECUITVY iNUUSt fiAL ASSOCIATION

National Headquarters
EecU:ilve Comfnniuee[ " 1015 15th Street, N.W. Rw Calk

i~' -'. Suite 901 Vce Chanon.
Eiecurive CjimmageeWashington, D.C. 20005 . RobmiO,, Jr

Telephone (202) 393-3620 Pes',e,,

4 March 1983

In support of Donl efforts to encourage improved defense contractor
productivity, the Army Procurement Research Office (APRO) is examining
practical ways of measuring productivity. This letter provides you an
opportunity to participate in an effort that will mutually benefit both
industry and DoD.

In this regard, on 4 November 1982 the Defense Department announced the
test of an Industrial Modernization Incentives Program (ImIP) designed to
encourage contractors to make capital investments that will improve their
industrial productivity. The incentives to he tested are shared savings
rewards, contractor investment (termination) protection, and others which
may be appropriate. Development of a practical method of measuring contractor
productivity is of importance if certain incentive structures are to be used.

APRO is seeking information about productivity measurement methodologies
currently employed by defense contractors, and NSIA has agreed to participate
in a survey of Its members. While the survey can be completed anonymously,
we suggest you identify yourselves for follow-up discussions. Your
cooperation in completing and returning this survey to NSIA by 20 April 1983,
is solicited.

Sincerely,

L. H. Bosshard

Comrmlttee Fxecut ive
Procurement Committee

L.HB/md
enc.
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PRlOllWICTIVITY MI:-AS1IJRI.N'r SIK-rY

lle At-im' rotri ioll Res, h off ice (APIM) is k i nforplatiol d.scrih-

in) , prodtLctlivity Ie.sIl*t~nitt rmthodnlog ie, ued bv dlfense contractors.* APRO
does not Wanilt dati il act al iperforiiance or gual s achieved or other pote n-

tlal ly seou.i tive I n ornot I Ion. Althoughi tle suurvey can ho completed anony-
mousiLy, contutractor ide ntification is encoitraged in Section E for possible
follow-up discussions. Some of the questions require responsc,; on separate

paper.

A. GENERAL INIORMATION:

1. Indicate your predominant commodity mirkets in order of relative

importance to your company, (e.g., 1, 2, 3 . ..

(a) Aircraft

(b) Missile and Space Systems

(c) Ships

(d) Tank-Automotive

(e) Weapons

_____ (1) AniU it i on

(g) Electronics and Communication Equipment

(h) Other (Specify)

2. Are you currently involved as a prime or subcontractor on a major

weapon system? No Yes

Prime Subcontractor Both

3. State the approximate dollar value of your defense contracts during your

last accounting period. Amount Period

4. With which military service did you contract in the last business year?

If more than one, indicate the predominant service with a P and check others.

(a) Army

(b) Navy (Morines)

(c) Air IU L'CC

(d ) ~Df'ense, Agenci es (e.g., ILA, DARPA, etc.)
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H . II'.RFORMANC . I'VAI.IIATION (at prof it veitter Ievel nr ahov,)

I . Wich of t he tolI owing fac'turs do you use to measJure orgaii zat lonal

performanco within your company? (Indicate order of relattve Importance to

yotir company, e.1., 1, 2, 3 . . .

(n) Effectiveness (i.e., accomplishing the right goals or objectives

considering timeliness, quantity, and quality)

(b) Efficiency (i.e., ratio of resources expected to be consumed

on goal achievement to resources actually consumed)

(c) Quality (i.e., conformance to specifications)

(d) Profitability (i.e., comparison of revenues to costs)

(e) Productivity (i.e., ratio of output to input)

(f) Quality of Working Life (i.e., personnel response to living

and working in organization)

(g) innovation (i.e., inLruducing new ideas, processes, or

products)

(h) Other - (Please specify)

2. Describe the specific measures used to evaluate the performance factors

identified above. (e.g., for profitability - return on assets employed, return

on investment, etc.; for quality - average quality level, number of rework

hours, etc.).

3. Describe any problems or shortcomings enccuntered in using your measures

(except for the productivity measure which is to be described in Section C).

4. If you are required to report any of the above or similar measures on

a defense contract, please specify.

IF PRODUCTIVITY IS BEINC MEASUIRED, COMPLETF SECTiON C, OTHERWISE SKIP TO SECTION D.
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C* PRoi)crIl VI 'Y HIA.!IRE1.NT •

I. For the productivity measiures ldintifled in question H.2, specify the

level within your company to which each me;sure applies - program, shop, depart-

ment, plant, firm, etc.

2. Briefly describe the data sources used to measure and track achieve-

ments for each productivity measure.

3. Describe your measurement techniques, including any data adjustments,

used for each productivity measure. Data adjustments include such Items as

inflation, discounting, quantity or quality changes, and learning curve effect.

4. Describe any validation or follow-up actions required to be taken

subsequent to implementation of proposed productivity improvements.

5. What problems or shortcomings are encountered in using your productivity

measures?

6. Would you be willing to discuss additional details of your pro-

ductivity measurement methodology with DOD if needed? Yes No

(If yes, please complete Section E).

7. If documentation is available describing your productivity measurement

procedures, please send a copy to

US Army flateriel Systems Analysis Activity
US Army Procurement Research Office
ATTN: DRXSY-PRO (Project 83-01)
Fort Lee, Virginia 23801

D. COMMENTS:

1. If the Government were to offer your company a productivity incentive

in a new contract, how would you prefer to have your productivity improvements

measured?

2. Additional information or comments pertinent to this survey would be

appreciated. Questions should he referred to either Mr. Monte Norton or Mr.

Wayne 7.abel, APRO, telephone (R04) 734-3896.
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E, ORCANI ZATION I)SCKHOI ION ( Op Li onill) :

I*Comp.inly Naime~ ami Add ress:

2. Polint of Qnit..ct (Name an~d Tele~phone~)
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